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EXECUTIVE SUMMARY

This Focused Feasibility Study (FFS) Report addresses mine wastes at the Richardson Flat
Tailings Site (Site) near Park City Utah. This FFS was conducted by Resource Management
Consultants, Inc. (RMC) for United Park City Mines Company (United Park), the current owner
of the Site. The purpose of this FFS is to provide a focused range of remedial actions for the
Site. This document meets the requirements of the National Contingency Plan (NCP) codified in

40 CFR 300.430(¢) addressing the alternatives available for the types of wastes at the Site.

. The Site is similar in construction and characteristics to other tailings impoundments found
throughout Utah and other Rocky Mountain states. The tailings on this Site are non-reactive and
were derived from ore bodies contained in carbonate host rocks. Recent and past investigations
show that the tailings are underlain by native high-clay-content soils. The bulk of the tailings lie
within a large geometrically closed impoundment which is covered with a vegetated clay-rich
low-permeability soil cover. The impoundment is surrounded by two surface water diversion
ditches on the north, east and south sides. The west side of the impoundment is contained by an
earthen embankment dam (embankment). Because the characteristics of the Site are similar to
other tailings impoundments in the Rocky Mountain region, much is known about such sites
generally and about the effectiveness of the impoundments’ construction. Therefore the
proposed remedial alternatives presented in this FFS rely on proven technologies that have been

used on other sites in the region.

During the FFS process RMC developed and screened remedial technologies and process options
as required by the NCP. This FFS describes the known nature and extent of contamination at the

Site with a brief discussion of the potential impacts of site materials.
Remedial action objectives, derived by EPA, are based on site characteristics, risk assessments

for human and ecological receptors and current and future land use, The remedial action

objectives are summarized below and are discussed in detail in this document.
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In general the following Site remedial action objectives were developed for the Site:

¢ ensure that risks to ecological receptors in the diversion ditch and wetland are mitigated,

¢ surface water leaving the Site meets applicable water quality standards,

» minimize migration of mine wastes in surface water, ground water and air pathways,

» protect present and future site visitors from exposure to mine waste materials,

s implement institutional controls to protect future land use development and groundwater

withdrawal,

¢ eliminate the risk of catastrophic failure of the tailings impoundment, and

o allow for future disposal of mine waste from the Park City area within the tailings

impoundment

After the screening of technologies was completed, five (5) remedial alternatives were developed

and selected for detailed analysis. As required by NCP the No Action alternative was included

as a remedial alternative. The remedial alternatives evaluated are:

Alternative

Remedial Action

Description

Alternative 1

No Action

Site is left in current condition

Alternative 2 Soil Cover, Institutional Eighteen inches of clean soil
Controls, Wedge Butiress OVer mine waste areas,
institutional controls limiting
site use, wedge buttress to
increase main embankment
stability
Alternative 3 Soil Cover, Source Removal, | Same as Alternative 2 with
Wedge Buttress, Institutional | source removal in certain
Controls areas outside of diversion
ditch and the wetland below
the embankment.
Alternative 4 Excavate Mine Wastes, Complete excavation of mine
' Treatment and Offsite wastes, treatment to pass
Disposal TCLP and offsite disposal at
an approved facility.
Alternative 5 Excavate Mine Wastes, Same as Alternative 4 with
Treatment and Onsite onsite disposal
Disposal




The five remedial alternatives were evaluated using the nine criteria specified by the NCP as
follows:

e Overall protection of human health and the environment;

e Long-term effectiveness and permanence;

* Reduction of toxicity, mobility and volume through treatment;

¢ Compliance with ARARS;

o Short-term effectiveness;

o Implementability;

e Cost;

» State acceptance; and

« Community acceptance.

A preferred alternative was determined by conducting a comparison based on the first seven of
the nine NCP criteria. Based on this comparison the preferred alternative for the Site is
Alternative 3. Alternative 3 removes contaminated materials located outside of the
impoundment (two areas located south of the diversion ditch and the wetland area located below
the embankment), and places them inside of the geometrically closed impoundment, increases
the depth of clean cover over contaminated materials, increases stability of the main
embankment and mitigates ecological risks in the South Diversion Ditch. This alternative is
more protective of the environment than Alternatives 1 and 2 and somewhat less protective of
the environment than Altematives 4 and 5. However, Alternatives 4 and 5 are significantly more
costly and technically difficult to implement. The significantly greater costs and difficulties of
implementing Alternatives 4 and $ are not justified by the marginal improvement they offer in
regard to public health and environmental protection. The preferred alternative provides
adequate protection to human health and the environment at a substantial cost saving over

Alternatives 4 and 5.

The overall costs associated with this alternative are estimated to be: $ 4,262,729.65,



1.0 INTRODUCTION

This Focused Feasibility Study (FFS) Report addresses contaminated waters and mine wastes
conducted as part of a Focused Remedial Investigation and Feasibility Study (Focused RI/FS) at
the Richardson Flat Tailings Site, Site ID UT980952840, (The “Site”) near Park City, Utah. The
Site is an inactive mill tatlings impoundment owned by United Park City Mines Company
(United Park). United Park is has prepared this document pursuant to the Administrative Order
on Consent (AOC) for a Focused Remedial Investigation/Feasibility Study, dated September 28,
2000, U.S. EPA Docket No. [CERCLA-8-2000-19]. The Focused RI/FS Work Plan (RMC,
2000), as referenced in this report, was approved by the United States Environmental Protection
Agency Region VIII (EPA) on September 28, 2000.

This report includes the relevant portions of a Focused Feasibility Study. As requested by EPA,
the format of this report contains the elements of a FFS outlined in Guidance for Conducting
Remedial Investigations and Feasibility Studies Under CERCLA (U.S. EPA 540/G-89/004,
1988). Section titles follow the suggested outline where applicable.

1.1 Purpose and Organization of Report
The purpose of this FFS is to provide a focused range of remediation alternatives for the Site.
The costs and benefits of the remedial alternatives that are feasible, implementable and effective

in reducing the risks associated with Site contamination are analyzed in detail in Section 4.0.

This FFS is organized into separate sections, as follows:

Section Topic
Section 1 Introduction

Section 2 Preliminary Evaluations of ARARs
Section 3 Risk Management

Section 4 Identification and Screening of Technologies
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Section 5 Detailed Analysis of Alternatives
Section 6 Selection of the Preferred Alternative

Section 7 References
1.2 Background Information

This section provides a summary of background information for the Site. Detailed Site
information including history, previous investigations as well as the nature and extents of
contamination can be found in the Focused Remedial Investigation Report (RMC, 2004) for the

Site and is summarized below;

The Site is the location of a tailings impoundment located approximately one and one-half miles
north of Park City (Figure 1-1). The Site is generally bounded by open lands and State Highway
248 (Figure 1-2). The Study Area Boundary is depicted on Figure 1-3. The Site boundary was
determined by reviewing sample results collected during the remedial investigation and
determining the location of a boundary that contains surface soils containing less than or equal to
a background lead concentration of 114 parts per million (ppm). Tailings at the site are generally

covered with at least six inches (6”) of clean, low permeability soils.

Surface water at the Site 1s generally limited to four areas; the wetland area located below the
embankment area, the South Diversion Difch, the pond located at the terminus of the South
Diversion Ditch and seasonal ponding on the impoundment (Figure 1-3). The wetland below the
embankment, pond and South Diversion Ditch are the only year-round surface water onsite. The
Site flows into Silver Creek located to the west of the Site. Seasonal surface water occurs on the
. impoundment and topographically low area located south of the county road (Figure 1-3), this
area drains into the South Diversion Ditch. In general, metals in surface waters are attenuated
over the course of the South Diversion Ditch. Water discharging from the Site into Silver Creek
contains lower metals concentrations than Silver Creek. Metals concentrations in surface waters

found in the northern downgradient portion of the wetland area are affected by Silver Creek.



Ground water impacts at the Site are limited to a nedr-surface seasonal aquifer. The Site does

not appear to be impacting the deeper regional aquifers.

The impoundment is contained on the downgradient (west) side by an earthen embankment. A
geotechnical study (Appendix A) indicates that the installation of a wedge buttress will add long-
term stability to the embankment.

Baseline ecological and human health risk assessments were conducted for the Site. The
ecological risk assessment determined that there 1s some risk to ecological receptors and limited

risk to human Site users.
1.3 Site Description

The Richardson Flat property is owned by United Park and covers approximately 650 acres in a
small valley in Summit County, Utah, located one and one-half miles northeast of Park City,
Utah (Figure 1-3). The tailings impoundment covers approximately 160 acres in the northwest
corner of Richardson Flat and lies within the northwest quarter of Section 1 and northeast quarter
of Section 2, Township 2 South, Range 4 East, Summit County, Utah (Figure 1-2). Figure 1-3
shows the Site configuration, topography and boundary.

Information on the Site’s physical setting and climate are presented in the Remedial
Investigation Report (RMC, 2004) for the Site.

1.4 Anticipated Future Land Use

Anticipated future land uses for the Site include a mixture of open-space and

recreational uses. Anticipated recreational uses may include, among others, team
sports such as baseball and soccer, golf and equestrian uses. It is also anticipated
that portions of the property may be set aside for open space. It is not anticipated

that recreational uses and open space are necessarily mutually exclusive.



The impoundment located on the Site is being considered to accept additional mine
waste materials, similar to those already on Site, resulting from remedial activities
within the Upper Silver Creek Watershed. Such use of the impoundment would be
possibie under either Alternatives 3 or 5, both of which anticipate leaving some or

all of the existing mining wastes in place with appropriate cover.
Proposed land uses for the Site are detailed in Figure 1-4.

1.5 Site History

United Park was formed in 1953, with the consolidation of Silver King Coalition Mines
Company and Park Utah Consolidated Mines Company, both publicly traded mining companies
at the time. Tailings were first placed at the Site prior to 1950. The mill tailings present at the
Site consist mostly of sand-sized particles of carbonate rock with some minerals containing
silver, lead, zinc and other metals. While few specific details are known about the exact
configuration and operation of the historic tailings pond, certain elements of prior operations are
apparent. From time to time, tailings were transported to the Site through three distinct low areas
on the southeast portion of the Site. Over the course of time, tailings materials also settled out
into these three low areas that were ultimately [eft outside and south of the present impoundment
area as constructed in 1973-74. An embankment constructed along the western area of the Site
also appears to have been in place as part of the original design and construction of the tailings

pond, but few details are known of the original embankment.

In 1970, Park City Ventures (PCV), a joint venture partnership between Anaconda Copper
Company (Anaconda) and American Smelting and Refining Company (ASARCO), entered into
a lease agreement with United Park to use the Site for disposal of additional mill tailings
resulting from renewed mining in the area. PCV contracted with Dames & Moore to provide
construction specifications for reconstructing the Site for continued use as a tailings
impoundment (Dames & Moore, 1974). The State of Utah approved PCV's proposed Site
operations based on Dames & Moore's design, construction, and operation specifications. Before

disposing of tailings at the Site, PCV installed a large, earth embankment along the western edge
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of the existing tailings impoundment and constructed perimeter containment dike structures
along the southern and eastern borders of the impoundment to allow storage of additional tailings
(Figure 1-3). PCV also installed a diversion ditch system along the higher slopes north of the
impoundment and outside of the containment dike along the east and south perimeter of the
impoundment to prevent surface runoff from the surrounding land from entering the
impoundment. PCV also installed groundwater monitoring wells near the base of the main

embankment, as part of the required approval process by the State of Utah.

PCV conveyed tailings to the impoundment by a slurry pipeline from its mill facility located in
Ontario Canyon south of Park City, UT. Over the course of its operations, PCV disposed of
approximately 420,000 tons of tailings at the Site. In addition to developing construction
specifications for the Site, Dames & Moore also provided PCV with design specifications for the
embankment as well as operating requirements for the tailings pond and slurry line, that were
also approved by the State of Utah as a requirement for operating the Site. Dames & Moore
recommended, among other things, that PCV operate the slurry line in such a way to deposit
tailings around the perimeter of the tailings impoundment and moving towards the center of the
impoundment (Dames & Moore, 1974 at p. 21). This is a common operating practice in the
industry. Unfortunately, PCV failed to follow the Dames & Moore requirement and operated the
slurry line in such a way that a large volume of tailings were placed near the center of the
impoundment in a large, high-profile, cone-shaped feature and oversteepened the embankment.
Between 1980 and 1982, Noranda Mining, Inc. (Noranda) leased the mining and milling
operations and placed an additional, estimated 70,000 tons of tailings at the Site. After cessation
of operations by Noranda in 1982, the presence of this cone-shaped feature of the tailings pond

. resulted in the prevailing winds cutting into the tailings and the tailings materials becoming
wind-borne. Had the slurry line been operated according to the Dames & Moore specifications,
the high-profile tailings cone would not have existed and prevailing winds would not have been a

significant potential exposure pathway at the Site.



2.0 PRELIMINARY EVALUATION OF ARARs

This Focused Feasibility Study was developed following the basic methodology outlined in 40
CFR § 300.430 and further discussed in EPA’s Guidance for Conducting Remedial Investigations
and Feasibility Studies Under CERCLA (October 1988). Section 121(d) of CERCLA requires
that remedial actions comply with state and federal applicable or retevant and appropriate
requirements (ARARS), as defined below, unless a waiver is justified under Section 121(d)(4) of
CERCLA. ARARs are used to assist in determining the appropriate extent of site cleanup, to
scope and formulate remedial action alternatives, and to govern the implementation of a selected

response action.

The potential ARARs for the Site in each of the three categories (chemical-specific, location-
specific, and action-specific) are summarized in Table 2-1 and discussed below. ARARs

identified herein become final upon issuance of a Record of Decision by EPA.
2.1 Definition of ARARs

ARARsS, as defined by CERCLA Section 121(d), include any standard, requirement, criterion, or
limitation promulgated under federal environmental faw, as well as any standard, requirement,
criterion, or limitation promulgated by state law that is more stringent that the associated federal
standard, requirement, criterion, or limitation. If a state is authorized to implement a program in
lieu of a federal agency, state laws ansing out of that program constitute ARARs instead of the

corresponding federal law.

Response actions occurring on-Site, including those performed in the éreal extent of the
contamination, must comply with the substantive requirements of ARARs. Response actions
performed under CERCLA authority are generally exempt from the administrative requirements
of ARARs such as permitting, reporting, record keeping, and consultation requirements, as
provided in Section 121(e)(1) of CERCLA. -

-9-



2.1.1 Applicable Requirements

Applicable requirements are those cleanup standards, standards of control, and other substantive
requirements, criteria, or limitations promulgated under federal or state law that specifically
address a hazardous substance, pollutant, contaminant, remedial action, location, or other
circumstance found at a CERCLA site. "Applicability” implies that the remedial action or the
circumstances at the site satisfy all of the jurisdictional prerequisites of a requirement. Only
those state standards that are identified by the state in a timely manner and are more stringent

than Federal requirements may be applicable.

2.1.2 Relevant and Appropriate

Relevant and appropriate requirements are those cleanup standards, standards of control, and
other substantive requirements, criteria, or limitations promulgated under Federal environmental
or State environmental or facility siting laws that, while not “applicable” to a hazardous
substance, pollutant, contaminant, remedial action, location, or other circumstance at 2 CERCLA
site, address problems or situations sufficiently similar (relevant) to those encountered at a

CERCLA site and are well-suited {appropriate) to circumstances at the particular site.

Requirements must be both relevant and appropriate to be ARARs. The relevance and
appropriateness of a requirement can be judged by comparing a number of factors, including the
characteristics of the remedial action, the hazardous substance in question, or the physical

circumstances of the site, with those addressed in the requirement.

1t is possible for only part of a requirement to be considered relevant and appropriate. During the
FS process, relevant and appropriate requirements have the same weight and consideration as

applicable requirements.
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2.2 Development of ARARs

ARARSs are divided into three broad categories, based on the manner in which they are applied at

asite: chemical-specific, location-specific and action-specific requirements.

2.2.1 Development of Chemical Specific ARARs

Chemical specific ARARSs are health or risk-based numerical values or methodologies that
establish concentration or discharge limits, or a basis for calculating such limits, for particular
contaminants, thus establishing acceptable levels for discharge, treatment and disposal of such

contaminants against which to assess the effectiveness of remedial alternatives.

2.2.2 Development of Location Specific ARARs

Location specific ARARS are the restrictions on the concentration of hazardous substances or the
conduct of cleanup activities for specific locations. For example, ARARs may govern certain
cleanup activities located in wetlands, stream beds, historic districts, or archeological sites.
Location specific ARARs may restrict or preclude certain remedial alternatives because of the

location or characteristics of a particular site.

2.2.3 Development of Action Specific ARARs

Action specific ARARS set controls or restrictions on particular kinds of activities that may relate
to the cleanup of hazardous substances. Action specific ARARS are used to establish how a
particular remedy may be achieved. Inability to comply with action specific ARARs may
indicate that a particular remedial alternative is technically infeasible. Thus, it is not uncommon

for action specific ARARSs to apply to only some, but not all, of the remedial alternatives.
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2.2.4 Other Criteria To Be Constdered

To be considered (TBC) criteria consist of non-promulgated standards, advisories and guidance
developed by government health and environment programs that are not legally binding, but are

intended to provide recommendations.

2.3 Chemical Specific ARARs for the Site

The following chemical specific standards are potential ARARS for the Site:
2.3.1 Utah Water Quality Act Rules

The Remediat Investigation for the Site strongly indicates that the Richardson Flat tailings
impoundment is not impacting surface water quality in Silver Creek. Each of the remedial
alternatives is designed to maintain or improve surface water quality on the Site, Thus, the
definitions and substantive standards of Rule 317-1 of the Utah Administrative Code
(implementing the Utah Water Quality Act) are potentially applicable to the remedial

alternatives, but are not anticipated to be at issue.
2.3.2 Surface Water Quality

The Remedial Investigation for the Site strongly indicates that the Richardson Flat tailings
impoundment is not impacting surface water quality in Silver Creek. Each of the remedial
alternatives is designed to maintain or improve the Site. Thus, the substantive requirements of
the Utah Surface Water Quality Standards contained in Rules 317-2-6, 317-2-13, and 317-2-14
of the Utah Administrative Code (UAC) are potentially applicable to the remedial altenatives,

but are not anticipated to be at issue.
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2.3.3 Utah Groundwater Quality Rules

The Remedial Investigation for the Site strongly indicates that the Richardson Flat tailings
impoundment is not impacting off-site ground water quality. On-site groundwater in certain
areas would not meet drinking water standards, therefore institutional controls would be
necessary to limit human exposure of groundwater. Consequently, the substantive ground water
quality standards set forth in UAC R317-6 are potentially applicable to the remedial alternatives,

but are not anticipated to be at issue.
2.3.4 Identification of Solid and Hazardous Waste

Pursuant to UAC R315-2-4(b)(7), the applicable standard for identifying solid and hazardous
wastes, the mine tailings and other materials at issue are considered solid but not hazardous

waste,
2.3.5 Utah Corrective Action Cleanup Standards Policy

UAC R311-211, providing corrective action cleanup standards for CERCLA, sites in Utah, is
applicable. Under every alternative, with the exception of the no-action alternative, sources will
either be eliminated or appropriately controlled. Because the cleanup is being conducted under
federal authonty, however, the case-by-case determination of cleanup standards described in
UAC R311-211-3 shall be established by the EPA Remedial Project Manager.

2.3.6 Utah Storm Water Rules
Although no storm water permit is required for the remedial alternatives, best management

practices are required to minimize off-site impacts from the performance of the remedial

alternatives.
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2.4 Location Specific ARARs for the Site

2.4.1 Protection of Wetlands . )
V5
Although the permit requirement of 33 U.S.C. § 1344/“applicable to the performance of the
remedial action, measures to avoid, restore or otherwise mitigate impacts to wetlands are
appropriate.
~
2.4.2 Historic Sites, Buildings and Antiquities Act Iy L.,/

16 U.S.C. § 461-67, requiring protection of landmarks listed on the National Registry, is
applicable. Because the remedial alternatives will not adversely affect any listed landmark, this

requirement is not anticipated to be at issue.

2.4.3 National Historic Preservation

S

]

16 U.S.C. § 470, requiring protection of certain historically significant districts, sites, buildings, uQ7
structures and objects, is applicable. Because the remedial alternatives will not adversely affect
any such districts, sites, buildings, structures and objects, this requirement is not anticipated to be

at issue.

2.4.4 Archeological and Historic Preservation Act

3
16 U.S.C. § 469, requiring protection of significant historical and archeological data, is (MQ‘Z '
applicable. Because the remedial alternatives will not adversely affect any such data, this

requirement is not anticipated to be at issue.
2.4.5 Fish and Wildlife Coordination Act

16 U.S.C. § 662, requiring that actions in streams and rivers be taken in a manner protective of

fish and wildlife, is applicable. The United States Fish and Wildlife Service has previously been
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consulted regarding potential impacts on fish and wildtife and each alternative could be

performed in such a manner.
2.4.6 Endangered Species Act

16 U.S.C. § 1531, et seq, requiring protection of endangered and threatened species, is
applicable. The United States Fish and Wildlife Service has previously been consulted regarding
potential impacts on endangered and protected species and each altemnative could be performed

in such a manner.
2.4.7 Migratory Bird Treaty Act

16 U.S.C. § 703 ef seq, requiring protection of migratory nongame birds, is applicable. The
United States Fish and Wildlife Service has previously been consulted regarding potential

impacts on migratory birds and each alternative could be performed in such a manner.
2.4.8 RCRA Subtitle D Solid Waste Requirements

Although the mine tailings and other materials at Richardson are considered solid waste, the
subtitle D landfill requirements found in UAC R315-303 are not applicable because the
impoundment area will not be a jurisdictional permitted landfill as provided in the regulations.
Although not applicable, the closure requirements set forth in R315-303-3(4) are nonetheless
potentially relevant and appropriate in designing the final cover for the impoundment area under

Alternatives 3 and 5.
2.4.9 Air Emission Standards

UAC R307-205-6, which requires that controls be established to limit fugitive dust emissions

from tailings piles, is applicable.
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2.5 Potential Action Specific ARARs for the Site
2.5.1 Abandonment and Construction of Wells

UAC R655-4, providing standards for the abandonment and construction of monitoring wells, is

potentially applicable.
2.6 Potential TBC Criteria for the Site

This FFS evaluated relevant TBC in conjunction with ARARs. Although not yet finalized, and
therefore not legally binding, the Silver Creek Total Maximum Daily Load (TMDL), which
provides target zinc and cadmium concentrations of 0.39 ppm and 0.00076 ppm, respectively, for
tributary waters of Silver Creek may be a relevant and appropriate criteria for the remedial |

alternatives.
3.0 IDENTIFICATION OF REMEDIAL ACTION OBJECTIVES

Remedial Action Objectives (RAOs) serve as guidelines in the development of alternatives for
site remediation. RAOs specify contaminants and media of concern, exposure pathways and
potential receptors, and acceptable concentration limits or ranges for each such contaminant or
media, pathway and receptor. RAOs are developed to set targets for the Preliminary
Remediation Goals established by ARARs or appropriate risk based concentrations,

3.1 Basis and Development of RAOs

RAOs for the Site were based on the risks identified in the Baseline Human Health Risk
Assessment (BHHRA) and the Baseline Ecological Risk Assessment (BERA) each conducted by
EPA and discussed in detail in the Remedial Investigation report. The Conceptual Site Model
(CSM) was also evaluated. The CSM, presented as part of the Sampling and Analysis Plan
(SAP) for the Site (RMC, 2001), identified potential complete and incomplete exposure
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pathways for both on and off-site ecological and human receptors, considering separately tailings

located within the impoundment and tailings located outside of the impoundment.

Evaluation of the risk analyses and CSM led to the identification of several key concemns driving
the need for, and scope, of any remedial action for any given media of concemn. These Remedial

Action Drivers are as follows:

3.1.1 Surface Water

!
The BHHRA determined that surface waters on and leaving the Site present minimal health risk
to recreational users of the Site risk due to low concentrations of lead and arsenic, the chemicals
of potential concem identified in the BHHRA, as well as the minimal duration of exposure for
most Site visitors. The BERA similarly determined that surface waters on and leaving thé Site
generally presented limited risks to aquatic receptors due to the low levels of the various
contaminants of concern identified in the BERA. As discussed in the Remedial Investigation
report, however, zinc concentrations in the upper section of the South Diversion Ditch were
found to exceed State surface water standards. By the time these waters reached the terminus of
the South Diversion Ditch, however, zinc concentrations were below applicable standards.
During the Remedial Investigation zinc concentrations at the terminus of the South Diversion
Ditch were an order of magnitude below the proposed TMDL target of 0.39 ppm and cadmium
concentrations were found to be less than the analytical detection limit of 0.001 ppm. The
TMDL target concentration for cadmium is 0.00076 ppm less than the detection limit used
during the Remedial Investigation. Detection limits used in the Remedial Investigation were
developed and approved in coordination with EPA and the Utah Department of Environmental
Quality to evaluate potential exposures to human health and the environment. Although the
TMDL process was initiated at about the same time as the Remedial Investigation development
of TMDL target concentrations occurred well after the Remedial Investigation was completed,
therefore analytical detection limits could not be adjusted during the Remedial Investigation for
the TMDL cadmium target of 0.00076 ppm. A standard practice to derive a concentration below
the detection limit is to multiply the detection limit by 0.5, using this methodology results in
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cadmium concentrations of 0.0005 ppm in the South Diversion Ditch which is less than the

TMDL target concentration.

Based on these findings, RAQs were developed focusing on the sources and pathways for zinc

exposure in the upper section of the South Diversion Ditch.
3.1.2 Groundwater

As discussed in the Remedial Investigation report, groundwater at Richardson Flat does not

- present a risk to off-site groundwater or surface waters, but contains metals in excess of drinking
water standards. Remedial alternatives were developed to address such condition, including
altermatives that would provide for source removal or control and the use of restrictions on

groundwater withdrawal.
3.1.3 Sediments

Data collected and analyzed in the RI indicate that sediments in the South Diversion Ditch and
the wetland adjacent to the main embankment contain elevated levels of lead that may pose risks
to aquatic and wildlife receptors. The BERA noted, however, that sediments in the pond near the
end of the diversion ditch pose a lesser threat to ecological receptors. Remedial alternatives were
developed to address the presence of these sediments, including excavation and removal of

contaminated sediments and covering the sediments to form a barrier to ecological receptors.
3.1.4 Soils/mine tailings

Clean soil cover was previously placed over sections of the tailings both in and outside of the
" impoundment. As discussed in the Remedial Investigation report, risks arising from elevated

metals concentrations in tailings and soils were significantly reduced in areas where sufficient

soil cover existed over mine tailings.
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The BHHRA showed no significant risk to recreationat users of the Site from the existing soils
and mine tailings. The BERA did not evaluate exposure to soils/mine tailings for ecological
receptors. Nonetheless, RAOs were developed to address impacts from tailings and soils located
in and around the impoundment area. Because catastrophic failure of the tailings impoundment
would change the risks for the site, RAOs were also established to address the oversteepened

bank of the tailings impoundment.

3.2 Remedial Action Objectives for the Site

After consideration of the Remedial Action Drivers described above, and after consideration of

the ARARSs set forth in Section 2.0, the following RAOs were established.

3.2.1 Surface Water
With respect to surface water, RAOs include:
¢ Reduction of risks to wildlife receptors from ingestion of surface water in the wetland
area and South Diversion Ditch;
¢ Maximization, to the extent practical, future recreational uses of the Site; and

¢ Control of contaminant migration in surface water to the extent practical.

3.2.2 Groundwater
With respect to groundwater, RAOs include:

¢ Prevention of future use and withdrawal of groundwater within the Study Area; and

¢ Control of contaminant migration in groundwater to the extent practical.

3.2.3 Sediments
With respect to sediments, RAQOs include:
e Reduction of risks to wildlife receptors from ingestion of sediment in the wetland area
and South Diversion Ditch; and

s Control of contaminant migration in sediments to the extent practical.
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3.2.4 Tailings and Soils

With respect to tailings and soils, RAOs include:

e Control of contaminant migration in soils to the extent practical.

¢ * Reduction of risks to recreational users, including children, from exposure to lead in soils to
ensure that there is no more than a 5% chance of any user exceeding a blood lead level of 10
micrograms per deciliter;

o Reduction of risks to recreational users, including children, from exposure to arsenic in soils
to ensure that there is no more than a 1 x 10 chance of contracting cancer;

¢ Establishment of controls that minimize post-remediation disturbance of tailings and
contaminated soils;

¢ Accommodation of future disposal of mine waste from the Park City area within the tailings
impoundment; and

e Accommodation of a variety of potential future recreational uses,

3.3 Preliminary Remediation Goals

Preliminary Remediation Goals (PRGs) were established to meet the RAOs based on ARARs
and the results of the BERA and BHHRA. PRGs generally represent a maximum contaminant

level in soils that is deemed protective of human health and the environment on and near the Site.

Because the BHHRA shows no significant risk to human health resulting from recreational users
exposure to surface soils, no human health PRGs are necessary for the Site. However, future
land use will be controlled to ensure that exposures to mine wastes do not exceed current

conditions.

Based on the ecological risks that the sediments containing elevated levels of lead in the
wetlands below the main embankment and in the South Diversion Ditch, a PRG of 310 ppm for
lead in sediment was determined by EPA. Other than this PRG for lead, consideration of the
remedial action drivers indicates that remedial action is required for specific features based upon
their physical characteristics and dimensions, not on a concentration profile in specific

environmental media.
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3.4 Identification of General Response Actions

General Response Actions (GRASs) are categories of actions that may be implemented to satisfy
the RAOs. GRAs generally include, but are not limited to, such categories as treatment,
containment or disposal. GRAs may be used alone or in combination to provide the most

effective and appropriate remedial action alternatives.

GRAs identified to meet the remedial goals for each media and the embankment include:

e No Action

» Institutional Controls

e Waste Isolation (Soil Cover)

» Source Removal (Excavation and Disposal)

¢ Reinforcement (Wedge Buttress)

¢ Reconstruction (Build New Embankment Structure)

4.0 IDENTIFICATION AND SCREENING OF TECHNOLOGIES

Various potential technologies for meeting the GRAs were identified in consultation with EPA.
In addition to institutional controls, both in situ source treatment or control technologies, as well
as ex situ treatment and disposal technologies, were identified as potential methods for meeting
GRAs.

The following in situ remedial technologies were identified:
¢ Waste isolation
o In situ chemical stabilization

« Reclamation and revegetation

The following ex situ remedial technologies were also identified:

s Excavation and removal
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e Soil washing
¢ Excavation and treatment with onsite disposal

¢ Excavation and treatment with offsite disposal

As recommended in EPA guidance, these technologies were then evaluated on the basis of
effectiveness, implementability and cost as a means of screening out irrelevant or impractical

technologies.
4.1 Institutional Controls

Institutional Controls are defined as non-engineering, administrative, and/or legal controls at a
site intended to limit or prevent human exposure to hazardous substances. Site use restrictions in
the form of protective covenants attached to the land deed might be used to limit the use or
disturbance of soils and sediments that could present risk if left in place on the Site. Protective
covenants limiting use of groundwater might also be placed on the Site to limit risks associated

with ingestion or contact with contaminated groundwater.

Institutional controls are generally low cost and easy to implement. Their effectiveness largely

depends on their enforceability.

4.2 In situ Technologies

In situ remedial technologies were evaluated using the three screening criteria of effectiveness,
impiementability and cost as shown in Table 4-1. Section 4.1 1 discusses waste isolation

technology, Section 4.1.2 discusses i sifu stabilization and Section 4.1.3 discusses reclamation

and revegetation technologies.
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4.2.1 Waste Isolation Technology

Waste isolation covers a range of technologies including soil cover, soil cap, stormwater

runon/runoff controls, clay liners, gravel barriers and french drains.

Soil cover and capping technologies reduce the potential for direct contact with tailings and also
reduce contaminant mobility from airborne transport of particulates. Soil cover/capping
technologies have been widely accepted at similar sites throughout the west and in particular in
Utah.

Portions of the Study Area containing exposed tailings and highly contaminated soils could be
covered with six to eighteen inches of clean soil. Alternatively, a soil "cap” could be constructed
by placing a geomembrane material over contaminated soils and covering with six to eighteen

inches of clean soil.

Both soil caps and covers are easily implemented. Cost for the soil cap would be greater than
cost for the soil cover due to the need for additional materials and preparation to install the
geomembrane materials. An estimated cost of $5.75 per cubic yard for the placement of a soil
cover is based on actual earthmoving costs from the 2003 construction season. This cost is also
based on the current onsite availability of stockpiled cover material. Of the two options (cover
or cap), a soil cap incorporating the geomembrane material would likely be more effective in

reducing leaching potential than the soil cover.

Erosion of the final soil surface of either a cover or cap would be prevented by: 1) revegetating -
the surface, or 2) as appropriate, covering the soil surface with gravel. Stormwater control
technologies would also be necessary to manage stormwater runon and runoff adjacent to and on
contaminated areas. Restrictions on excavation below any soil cover or cap would be necessary

to protect human and ecological receptors, as would routine inspection of the cover/cap remain.

Stormwater controls such as diversion ditches or swales could also be used independently or in

conjunction with cap/cover technologies to divert stormwater away from contaminated zones and
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reduce infiltration and soil erosion. Stormwater controls are effective at managing stormwater,
however, they require some long-term maintenance and attention to detail during the design and
implementation. At sites where wastes are left in place and covered stormwater controls are a
common practice. Costs to install stormwater controls are moderate and the technology is easy

to implement.

Gravel barriers could be used as a final surface on soil covers and caps where vegetation cannot
be used or where sotl erosion is severe. Gravel placed to a thickness of six to twelve inches
could also be used as a waste isolation technology in covering contaminated sediments. Such a
gravel barrier would prevent wildlife from ingesting contaminated sediments and, when placed at
a thickness of twelve inches, would reduce contact/ingestion of contaminated sediments by
micro-fauna (e.g., macroinvertebrates). A gravel barrier would not reduce toxicity, or mobility
and voiume of contaminants, but the technology is effective at forming a barrier between
receptors and contaminated materials. Gravel covers would be easy to implement and have a

relative low cost to implement.
This technology was retained for further alternatives analysis.
4.2.2 In situ Chemical Stabilization/Solidification Technology

In situ chemical stabilization/solidification technology (S/S) would reduce the mobility of
hazardous substances and contaminants in the environment through both physical and chemical
methods. Unlike other remedial technologies, in situ S/S is intended to immobilize contaminants
with the host medium, instead of removing them through chemical or physical treatment.
Leachability testing is required to measure the effectiveness of the stabilizing chemicals and
there are significant data needs for assessing the technical feasibility of this technology and |
include parameters specific to the technology. Organic contaminants are the target contaminant

group for in situ S/S.

In situ S/S technology is well demonstrated and can be applied to most sites. The technology

requires standard construction and materials handling equipment competitively found among a
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number of vendors. Reagents and additives are widely available and are relatively inexpensive
industrial commodities. The effectiveness of this technology is limited by the depth of
contaminants, future use of the site may be incompatible with the S/S matenials, a significant
increase in volume of S/S and contaminated waste materials, and additional sampling is required
to confirm that the technology was effective on the contaminants. Mobility and toxicity of the
contaminated wastes are reduced with this technology, however, there is no decrease in the
volume of contaminated materials on the site. Costs on large volume waste sites such as
Richardson Flat are likely prohibitive, large volumes of S/S materials would have to be
transported to the site. The reagents themselves are relatively inexpensive but deep mixing of

the S/S materials may not be practical.
This technology was not retained for further analysis.
4.2.3 Reclamation and Revegetation

Reclamation technologies include reclaiming existing, or constructing new, control structures on
a site to protect waste isolation measures such as soil covers, caps and diversion ditches.
Revegetation is used in a similar fashion to protect soil covers and diversion ditches from

erosion.

Possible reclamnation for this Site would include increasing stability of oversteepened existing
containment features. Increasing the slope stability of a containment feature would not directly
reduce mobility of a contaminant it would prevent failure of the containment feature. Likewise,
_revegetation would not directly reduce mobility of a contaminant it would reduce erosion of the
soil cover/cap and would decrease infiltration through plant uptake and transpiration.
Reclamation and revegetation would likely be used in combination with other remedial

methodologies.

Revegetation costs at the Site are estimated to be $500.00 per acre. Reclamation earthmoving
costs range from approximately $5.75 to $7.50 per cyd is based on actual earthmoving costs

incurred on similar projects during the 2003 construction season.
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This technology was retained for further alternatives analysis.

4.3  Ex situ Technologies

Ex situ remedial technologies were also evaluated using the three screening criteria of
effectiveness, implementability and cost as shown in Table 4-1. The following subsections
discuss excavation and removal, soil washing, chemical separation, stabilization/fixation, and

solidification technologies. The final subsection discusses options for disposal of excavated soil.
4.3.1 Excavation and Source Removal Technology

Excavation and soﬁrce removal is a well-proven and readily implementable technology, it
involves removing contaminated material and either placing it in newly constructed landfill or
transporting it to a permitted off-site disposal facility. Some pretreatment may be required to
comply with land disposal restrictions (LDRs). The technology is applicable to a wide range of
contaminants with no particular target group. Although excavation and removal alleviates the

contaminant problem, it does not treat the contaminants.

Excavation and removal is a straight forward technology that is the initial step in all ex situ
treatments. Vendors are familiar with this technology, it is a labor intensive practice with very

little potential for further automation.

Excavation and removal is effective at removing contaminants, by itself, however, it is not
effective at reducing the mobility of contaminants. It is easily implemented with standard
construction equipment that are readily available. Because the technology is labor intensive, its
cost is at the higher end of the scale as compared to in situ technologies. Fugitive dusts are a
problem with this technology and require diligent management to ensure that contaminants are
not spread off-site. On sites where large volumes of contaminants are present duration of
construction may present issues with public acceptance. Operations and maintenance costs are

typically less for this technology as compared to in situ technologies.
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Excavation costs for matertals located onsite are approximately $5.75 per cyd. These costs are

based on costs incurred on similar projects during the 2003 construction season.
This technology was retained for further alternatives analysis.
4.3.2 Soil Washing

Soil washing is a water based process using gravity and in some instances chemical separation of
inorganic contaminants, particularly heavy metals. It can be used in combination with other ex
situ technologies such as chemical separation and stabilization/fixation. Soil washing
incorporates technologies from the mining industry using established methods for mineral
processing, ore benefaction, and wastewater treatment. The process removes contaminants in
one of two ways by dissolving or suspending the contaminants in a wash solution or
concentrating the contaminants through particle size and gravity separation. The technology is

best suited for contaminants found in coarse-grained sand and reactive contaminants,

Implementing the soil washing technology is relatively straight forward, however, it does require
specialized equipment that the general remediation community may not have at its disposal. It is
relatively easy to implement adminisfrativcly. It is effective at reducing the volume of
contaminants, however, the toXicity of the final waste product is likely increased and will require

additional treatment.

Soil washing alone does not reduce contaminant toxicity, it requires additional materials
handling thereby increasing fugitive dust problems, and additional treatment of residual
contaminants is required. This technology reduces the volume of wastes, it does not, in itself

reduce the toxicity.

Soil washing was not retained for further analysis.
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4.3.3 Soil Stabilization/Fixation

Soil stabilization/fixation (S/F) is an ex situ technology in which chemical reactions are induced
between a stabilization agent and contaminants to reduce their mobility. The objective of S/F is
bind the contaminants and prevent their migration into the environment. The S/F is
accomplished by the addition of reagents and rigorous mixing which binds the contaminants
within a solid matrix, which reduces the permeability and amount of surface area available for
the release of toxic components. S/F technology differs from other types remedial technologies
in that the contaminants are immobilized with the existing medium, rather than removing them

by chemical or physical treatments.

Four major types of S/F technologies are:
. Ceﬁlent—based stabilization/fixation

e Pozzolanic stabilization/fixation

¢ Thermoplastic stabilization/fixation

» Polymer stabilization/fixation

The applicability and effectiveness may be limited by the following factors:

¢ Environmental conditions that may affect the long-term stability of the immobilized
contaminants.

e Some processes or high concentrations of contaminants may result in a significant increase in
volume.

o Certain wastes are incompatible with different processes, treatability studies a required.

¢ Long-term effectiveness has not been demonstrated for some contaminant/ process

combinations.

Raw materials used in the more common S/F processes such as fly ash, cement and lime are
readably available and relatively inexpensive. Processing equipment is readably available from
the construction industry. The volume of materials to treat and the increased volume of the final

product will substantially add to the final cost of alternatives using this remedy.
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Costs for stabilization are approximately $30.00 per cyd of raw material. The swell factor of the

final product is estimated at 1.5,

This technology was retained for further analysis.

4.4  Disposal Options

This section presents technologies applicable to the disposal of excavated materials excavated as
part of the source removal options as discussed in Section 4.2.1 as well as the disposal of treated
materials discussed in Sections 4.2.2 and 4.2.3. On and off-site disposal options are considered

in this FFS. Disposal options are summarized in Table 4.2,

4.4.1 Onsite Disposal

This option is possible where tailings within the impoundment are left in-place and covered and

when treated materials are disposed of on-site.

The materials addressed in this section will generally be composed of two types:
o Untreated materiais excavated from other onsite area, and

¢ Treated materials that have been excavated from onsite areas and treated prior to placement.

Untreated materials disposed of onsite would consist of materials already in place in the
impoundment and materials excavated from areas outside of the impoundment and transported to
the impoundment. The materials would be covered with low permeability soils (Section 4.1.1)
and revegetated (Section 4.1.3) at the completion of onsite remedial activities. Stormwater best
management practices would be used to maintain the integrity of the soil cover. The low

permeability soil cover would effectively isolate the materials from the environment.

Treated material disposed on onsite would be placed onsite and covered with low permeability

soils (Section 4.1.1) and revegetated (Section 4.1.3) at the completion of onsite remedial
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activities. Stormwater best management practices would be used to maintain the integrity of he

soil cover.

The equipment required to dispose of materials onsite is available locally. The disposal of
untreated material is technicalty very easy to accomplish. The disposal of treated materials is
technically more complicated due to the amount of material to be moved. Administratively this
option may require agency approval as a landfill. This would entail permitting the Site as a new

single use landfill.

Onsite disposal would reduce transportation costs and logistics and would be less disruptive on

the local community.

Costs for onsite disposal of material are approximately $1.50 per cubic yard. This cost is based
on the short transport distance and costs incurred on similar projects during the 2003

construction season.
This technology was retained for further alternatives analysis.
4.4.2 Off-site Disposal

Off-site disposal technologies include options for the disposal of both treated and untreated
materials. Off-site disposal of site materials may involve the following situations:

o Disposal of treated materials in a Class IV C&D landfill, and

o Disposal of untreated materials in a RCRA Subtitle C landfill.

Treated materials not classified as hazardous waste can be disposed of in a Class IV, construction
anj:l demolition debris landfill, so long as treated soil removed from the Site could be determined
by TCLP extraction analysis to be non-hazardous. Thus, a sampling program would be
necessary to certify that materials leaving he Site are non-hazardous. This option assumes that

Site materials would be treated using one of the options specified in Section 4.2.
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Disposal costs of this option are approximately $30.00 dollars per cyd with a transportation cost
of approximately $30.00 per cyd to the East Carbon Landfill. This option would require the

transportation of over 10,000 truckloads of materials.

Materials classified as hazardous waste would have to be disposed of in RCRA Subtitle C
(hazardous waste) landfill facility. From a technical standpoint, this could be an effective
disposal remedy. However, due to the large amount of material located on the Site, high disposal
costs at this type of facility (approximately $225.00 per ¢yd) and the logistics of transporting

over 10,000 truckloads of material, this option was not retained for further analysis.
4.5  Surface and Groundwater Technologies

Surface and groundwater treatment reduces and /or removes contaminants from Site waters using
chemical or biologic methods. Surface and groundwater treatment options include both active
and passive treatment technologies. Both active and passive treatment technologies have the
potential to improve surface and groundwater conditions at the Site, The following technologies

are potentially applicabie for treating metals impacted water at the Site,

Active treatment methods can include:
s QOxidation

¢ Neutralization/Precipitation

¢ Biological Treatment

e Separation

e Electrochemical

Passive treatment methods can include:
e Constructed Wetlands

s Anoxic Limestone Drains

¢ Land Application

¢ Sedimentation

» Evaporation
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The above specified active and passive treatment methods all require substantial operation and
maintenance. Pilot testing would be required to assess which methods would be applicable to
Site conditions. All of the above specified treatment methods would likely be used as primary

treatment systems unless the results of pilot testing indicate that pretreatment is required.

Technically water treatment is an effective remedy with high operation and maintenance
requirements. Due to the relatively low concentrations of metals in Site surface and groundwater
dispersed over multiple areas, water treatment systems would involve components capable of
moving water from multiple locations to a centralized treatment area. Initial capital costs for
both active and passive systems would be high. Many of the above specified systems would
produce a byproduct that may have to be disposed of as a hazardous material, adding further
costs and logistical complications to the method. In summary surface and groundwater treatment

is not a cost effective remedy for the Site.

Surface and groundwater treatment was not retained for further analysis.

5.0 DETAILED ANALYSIS OF ALTERNATIVES

This Section presents detailed analysis of alternatives required by the NCP in 40 CFR 300.430
(e}(9). The analysis is performed for the alternatives retained after the screening process

(Section 4).

The alternative evaluations include descriptions of the technology, the process option selected
and assumptions that were necessary to evaluate each alternative. The potential remedial options
have been evaluated against seven of the nine NCP criteria. The remaining two criteria, state (or
support agency) acceptance or community acceptance will be considered by EPA and UDEQ

after the public has had an opportunity to review and comment on the Proposed Plan.
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The detailed analysis presented in this Section applies nine criteria to the retained altematives
appropriate for achieving the remedial action objectives for the protection of human health and

the environment. The NCP criteria are:

Overall protection of human health and the environment - Alternatives shall be assessed to
determine whether they adequately protect human health and the environment from unacceptable

risks both short and long term by eliminating, reducing, or controtling exposures to

contaminants.

Compliance with ARARS - - Alternatives shall be assessed to determine whether to determine

whether they attain federal and state ARARS or provide grounds for invoking a waiver.

Long-term effectiveness and permanence - - Alternatives shall be assessed for long term

effectiveness and permanence they provide and the degree of certainty they will prove
successful. The followmg factors shall be considered: (1) magnitude for residual risk remaining
after the alternative is implemented and (2) adequacy and reliability of the controls necessary to

manage the contaminants.

Reduction of toxicity, mobility, volume through treatment - Alternatives shall be assessed to

determine the degree to which recycling or treatment is expected to reduce the toxicity, mobility
and or volume of the waste or residual contaminants and the degree to which that treatment is
irreversible. The quantity, persistence, toxicity, mobility and propensity to bioaccumulate of

each type of residual that will remain after treatment will also be considered.

Short-term effectiveness - Alternatives shall be assessed to determine the short-term impacts
during implementation and time until protection is achieved. The impacts that shall be
considered include risks to the community, impacts on workers, and potential environmental

impacts.
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Implementability - Alternatives shall be assessed for the ease or difficulty of implementation,

including technical feastbility, administrative feasibility, and the availability of services and

materials.

Cost - Alternatives shall be assessed to determine direct and indirect capital costs, annual

operation and maintenance costs, and net present value.

State (support agencv) acceptance - Altemmatives shall be assessed to reflect the state's apparent

preferences or concemns regarding the alternatives.

Community acceptance - Alternatives shall be assessed to reflect the community's apparent

preferences or concerns regarding the alternatives,

The following five alternatives for mitigating risks at the Richardson Flat Site are presented and
analyzed in detail:

» Alternative 1 - No Action

+ Alternative 2 - Soil Cover, Institutional Controls and Wedge Buttress

o Alternative 3 - Source Removal, Soil Cover, Institutional Controls and Wedge Buttress

s Alternative 4 - Excavation, Treatment and Offsite Disposal

e Alternative 5 - Excavation, Treatment and Onsite Disposal

With the exception of the no action aiternative, the selected alternatives are effective for the
protection of human health and the environment at the Site. The proposed alternatives are based
on proven existing technologies that have been used at similar sites throughout the Rocky
Mountain area. A summary of remedial alternatives is presented in Table 5-1. Table 5-2
presents a comparative summary based on NCP evaluation criteria for the five alternatives.

Table 5-3 details the estimation of material volumes used in this FFS,

5.1 Alternative 1 — Ne Action
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The “No Action” alternative is a requirement of CERCLA and the NCP and must be considered
for all CERCLA sites. The No Action alternative does not provide any additional protection of
human health or the environment. This alternative is designed to establish a baseline of current

conditions at the Site to which other alternatives can be compared. Alternative 1 is summarized

in Table 5-1 and the evaluation criteria are summarized in Table 5-2.
5.1.1 Overall Protection of Human Health and the Environment

Alternative 1 does not reduce human or ecological risk at the Site. Both human and ecological
risk will remain as it is now. As determined by the BHHRA (SRC, 2002) arsenic related non-
cancer risks are below a Hazard Index of 1, additionally all cancer risks were estimated to be
within or below EPA’s acceptable risk range. Risk calculations for lead predict that blood levels
for recreational visitors will be below 5% probability of exceeding a blood lead level of 10
ug/dL. Based on these results, Alternative 1 would be a viable alternative to protect human
health at the Site. Alternative 1 would not change the current status of environmental conditions

at the Site and therefore would not decrease the risk to ecological receptors at the site.

5.1.2 Compliance with ARARs

There 1s no mechanism for achieving ARARs under this alternative. It should be noted,
however, that non-compliance under this option would be limited to specific areas such as the

upper South Diversion Ditch and wetlands areas. Location and action-specific ARARs do not

apply because no remedial action is involved (Table 2-1).
5.1.3 Long-term Effectiveness and Permanence
Alternative 1 provides no additional control over Site contaminants and long term control of

contamination would be unreliable and inadequate. However, based on the conclusions of the RT

(RMC, 2004) the Site is not currently discharging contaminants off-site.
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The South Diversion Ditch is currently a functioning bioremediation unit and is likely to remain
effective if it is not disturbed. Sediments in the ditch, however, are contaminated with metals
and the BERA shows elevated risks to avian receptors from the ingestion of contaminated
sediments. Surface water quality in the South Diversion Ditch is well within applicable water

quality standards at the terminus of the ditch.

Soil cover at the site is generally sufficient to prevent the offsite migration of tailings. The low
relief of the Site is a sufficient preventative to prevent large-scale erosion of the soil cover, Inits
current configuration the Site has not undergone severe erosion and if the Site remains in its
current condition it is anticipated that erosion will not occur,

5.1.4 Reduction of Toxicity, Mobility or Volume Through Treatment

Alternative 1 provides no reduction in the toxicity, mobility or volume of contaminants.

Therefore, Alternative 1 does not satisfy statutory preference for treatment.

5.1.5 Short-Term Effectiveness

Implementing Alternative 1 does not increase the short-term risk to the surrounding area from
remedial actions. Because there is no remediation under Alternative 1, there is no short-term risk
to the surrounding community or remedial workers. The impacts to the environment remain
unchanged from current conditions. Since no remediation occurs, the time until remedial action
is not applicable.

5.1.6 Implementability

Alternative 1 does not require the implementation of any remedial options or monitoring.

5.1.7 Cost
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There are, by definition, no capital or O&M costs associated with Alternative 1. Therefore, there

are no costs with this alternative,
5.2 Alternative 2 — Soil Cover, Institutional Controls and Wedge Buttress

Alternative 2 entails increasing the depth of cover over tailings in the Study Area, implementing
institutional controls to manage human contact with Site materials, and installing a wedge
buttress to a portion of the main embankment of the tailings impoundment. The South Diversion
Ditch and wetland areas will be left undisturbed. A design schematic for Altenative 2 is
presented in Figure 5-1. Alternative 2 is summarized in Table 5-1 and the evaluation criteria are

summarized in Table 5-2.

The soil cover will be increased in areas where the existing cover is less than eighteen inches
thick. Clean soil consisting of low-permeability clay-rich soils will be placed on the existing
cover to within six inches of the final surface. The final six inches of cover will consist of
topsoil suitable to support vegetation. The south half of the impoundment contains an existing
cover of appropriate thickness, the north half of the impoundment would require additional soil
cover. The soil cover would be graded to direct stormwater and surface runoff towards the South
Diversion Ditch. A drainage channel would be constructed within the impoundment that would
divert surface water from the low-lying northem portion of the impoundment into the South
Diversion Ditch. The drainage channel will reduce infiltration of surface water into the tailings.
Institutional controls will be established to limit future Site use to activities that will not disturb
the soil cover, restrict ground and surface water uses, and ensure that long-term maintenance

measures are implemented.
5.2.1 Overall Protection of Human Health and the Environment

Placing additional clean soil on the Site would increase the overall protection of human health

and ecological receptors. The soil cover would reduce direct contact, ingestion, inhalation and

offsite migration of contaminants.
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Alternative 2 meets the threshold criteria of protection of human health, however all of the
contaminated material is left in place. The contaminated material left in place may be exposed if
the soil cover is disturbed by excavation, erosion or construction activities. For Alternative 2 to
be effective, institutzonal controls must be implemented to maintain the integrity of the soil
cover. Altemative 2 is not completely effective for the reduction of ecological risk. The cover

would not modify existing environmental conditions in the diversion ditch or wetlands.
5.2.2 Compliance with ARARs

Currently, surface water leaving the Site meets applicable water quality standards. Thus, surface
water quality ARARs would be met by this alternative. The soil cover and drainage channel will
likely reduce seasonal contaminant levels in on-site groundwater, including ground water in the
upper South Diversion Ditch area. Institutional controls would also be necessary to mitigate
human exposure to on-Site groundwater. Remedial activities would be conducted to comply

with location and action specific ARARs.
5.2.3 Long-Term Effectiveness and Permanence

The eighteen (18) inch thick soil cover proposed in Alternative 2 provides a barrier between
potential receptors and the underlying contaminated material, therefore achieving long-term
effectiveness and permanence. The soil cover will decrease infiltration of surface water into the
tailings materials. Lead and arsenic, in the tailings, remain in-place resulting in residual
contamination below the soil cover. Institutional controls will be necessary to ensure that the
soil cover is not breached and that Site users are educated about maintaining the integrity of the
soil cover. If the soil cover is breached during Site construction or use new potential exposure
pathways may develop. Contaminated material excavated during onsite construction activities

will have to be managed to prevent contamination of the cover.

5.2.4 Reduction of Toxicity, Mobility or Volume Through Treatment
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Alternative 2 does not provide for the treatment of contaminated material, therefore there is no
reduction in the toxicity and volume of contaminated material. The mobility of the material due
to wind and water erosion is reduced. The so0il cover will effectively mitigate exposure,
inhalation, and ingestion pathways. The irreversibility of the treatment process is not applicable
since no treatment process is used. The statutory preference for treatment is not met by

Alternative 2 since no treatment processes are used.
5.2.5 Short-Term Effectiveness

The soil cover and wedge buttress could be installed in one or two construction seasons. The soil
cover and wedge buttress effectiveness would be immediate for pathways noted in the previous
section. Institutional controls would be in p]aée within a short time period and therefore
effective immediately. The soil cover will reduce stormwater and snowmelt contact with tailings

and therefore, over time, reduce metals concentrations in the diversion ditch and groundwater.
5.2.6 Implementability

Remedial activities included in Alternative 2 (standard soil excavation, grading, hauling,
backfilling and compaction) are easily implemented. Remedial contractors can provide the
necessary equipment and expertise to implement this alternative. The material handied during
Alternative 2 will consist primarily of clean soils, handling of contaminated materials will be
minimized. Sufficient amounts of clean, low-permeability soil are currently stockpiled onsite.
Institutional controls will have to be approved by the applicable regulatory agencies.

5.2.7 Cost

The estimated costs for Alternative 2 as detailed in Table 5-4 are § 2,295,397.99. The

proposed costs include fifteen (15) years of operation and maintenance (O&M) costs.

5.3 Alternative 3 — Source Removal, Soil Cover, Institutional Controls and Wedge Buttress
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Alternative 3 includes source removal and covering of tailings located outside of the
impoundment, placing clean soil over the tailings impoundment as described in Section 5.2,
installation of a wedge buttress, covering of contaminated sediments in the diversion ditch,
removing contaminated sediments in the wetland, and placement of restrictions on future land
and groundwater use. Based on data collected during the R, source areas have been identified
where tailings would be removed, placed in the impoundment and covered with clean soil.
Areas of tailings that pose a low threat to the environment would be covered. These areas would
be defined during remedial design. As described in Section 5.2, a wedge buttress would be
constructed at the toe of the main embankment. Twelve (12) inches of gravel would be placed
over contaminated sediments in the diversion ditch forming a barrier between the sediments and
potential human and ecological receptors. The wetland at the terminus of the diversion ditch
would be remediated after upstream sources in Silver Creek have been remediated. A design ‘
schematic for Alternative 3 is presented in Figure 5-2. Alternative 3 is summarized in Table 5-1

and the evaluation criteria are summarized in Table 5-2.

Under this alternative a portion of the impoundment may be used as a repository for similar
materials from other sites within the Park City area. These materials would be placed in low-
lying areas on the northern portion of the impoundment where the existing soil cover is less than
one-foot thick. Upon completion of tailings emplacement, the area will be covered with clean
soil and regraded to direct stormwater and snowmelt runoff towards the diversion ditch. All

areas that are remediated wiil be contoured and revegetated to prevent erosion.
5.3.1 Overall Protection of Human Health and the Environment

Removal of tailings outside of the impoundment eliminates the risk to human and ecological
receptors in these areas. Soil cover on the impoundment reduces human health risk by
preventing direct contact, ingestion, inhalatio_n and offsite migration of contaminants. The soil
cover and associated vegetation would prevent wind and water erosion, thereby, controlling the
spread of contamination from the impoundment area. Addition the soil cover would reduce
infiltration of surface water into areas that contain mine wastes, this would further decrease

groundwater impacts and improve environmental protection at the Site. Contaminant sources
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outside of the impoundment would be removed and/or covered substantially improving the
overall environmental quality of the Site. Covering sediments in the diversion ditch and
removing contaminated sediment in the wetland would reduce and remove risks to ecological

receptors.

Altemnative 3 meets the threshold criteria the protection of human health for both the
impoundment and areas outside of the impoundment, however all of the contaminated material is
left in place within the impoundment. The contaminated material left in place may be exposed if
the soil cover is disturbed by excavation, erosion or construction. For Alternative 3 to be
effective, institutional controls must be implemented to maintain the protection of human health

and the environment within the impoundment.

5.3.2 Compliance with ARARs

Compliance with chemical specific ARARs (Table 2-1) would be achieved under this alternative.
Remediation procedures would be designed to comply with action and location specific ARARs
(Table 2-1).

5.3.3 Long-term Effectiveness and Permanence

The long-term and permanence of Altemative 3 is divided into two areas: within and outside of
the impoundment. Tailings would be removed from areas of significant contaminant sources
outside of the impoundment, remaining areas would be covered with a low permeability soil
cover. The long-term and permanence of Alternative 3 in the source removal area is completely
effective. The eighteen (18) inch thick soil cover for the impoundment proposed in Alternative 3
provides a barrier between potential receptors and the underlying contaminated material. The
tailings are left in-place forming residual contamination in the impoundment below the soil
cover. The contamination remaining at the Site in Alternative 3 would be either covered or
located in a condensed, centralized location within the geometrically confined impoundment.
Institutional controls would have to be implemented to insure that the impoundment soil cover is

not breached and that Site users are educated about maintaining the integrity of the soil cover. If
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the soil cover is breached during Site construction or use new potential exposure pathways would
develop. Contaminated material excavated from the impoundment during onsite construction
activities would have to be disposed of as hazardous waste. Contaminated material would
remain in the South Diversion Ditch, however, the sediments would be covered reducing threats

to ecological receptors.

With the exception of the upper South Diversion Ditch area, it does not appear that current
conditions are impacting surface or groundwater quality. Under this alternative, surface water
would be improved and groundwater quality would likely improve over time, but institutional

controls may be necessary to mitigate human exposure.

5.3.4 Reduction of Toxicity, Mobility or Volume Through Treatment

Alternative 3 does not provide for treatment of contaminated material, therefore there is no
reduction in the toxicity and volume of contaminated matertal. The mobility of the material due
to wind and water erosion is reduced. The soil cover reduces exposure pathways related to direct
exposure, inhalation and ingestion. The degree of potential exposure is reduced by removing
contaminated materials from locations outside of the impoundment and placing them inside of
the geometrically confined impoundment. This would reduce the size of the impacted areas and
the extent of contamination in contact with the environment. The irreversibility of the treatment
process is not applicable since no treatment process is used. The statutory preference for

treatment is not met by Alternative 3 since no treatment processes are used.

5.3.5 Short-Term Effectiveness

Access is controlled by fencing and gates. There are illegal trespassers who use parts of the Site
southeast of the impoundment; their nsk would be decreased by this altemative. No waste
materials would be transported on public roads therefore traffic concerns are not expected.

_ Worker safety would be protected following applicable State and Federal (OSHA) regulations.
The time until action is complete may be slightly greater than Alternative 2 and less than

Alternatives 4 and 5.



5.3.6 Implementability

Remedial activities outlined in Alternative 3 include standard soil excavation, grading, hauling,
backfilling and compaction techniques. All of the proposed activities include, but are not limited
to, excavation, transportation, grubbing, grading and revegetation can be provided by local
contractors. Site workers would be certified in hazardous material safety. United Park has
stockpiled sufficient amounts of clean, low permeability topsoil onsite all other materials are

readily available from local and regional vendors.
Institutional controls would have to be approved by the applicable regulatory agencies.

5.3.7 Cost

The estimated costs for Alternative 3 as detailed in Table 5-5 are $ 4,262,729.65. The

proposed costs include fifteen (15) years of operation and maintenance (QO&M) costs.
5.4 Alternative 4 — Excavation, Treatment and Offsite Disposal

Alternative 4 Excavation, Treatment and Offsite disposal entails the complete removal of
cbntaminated material from the Site. A design schematic is presented in Figure 5-3.
Contamninated material would be stabilized onsite and disposed offsite in a landfill. The type of
landfill would be dependent on hazardous waste characterization of the excavated materials.
Two potential disposal scenarios or a combination of are possible in Alternative 4: 1) Treatment
and Disposal in a construction and debris (C&D) landfill or 2) Disposal in a Subtitle C hazardous
waste landfill. The material to be disposed of would be tested using the TCLP methodology.
SPLP testing conducted for the RI (RMC, 2002) indicates that the material has the potential to
leach metals and therefore it is likely that the materials would fail TCLP testing and would be
classified as hazardous waste. Prior to treatment bench-scale treatability testing would be
conducted to determine the applicability and efficiency of the treatment process. Hazardous

materials, from the Site, would be treated prior to disposal at a permitted landfill.
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Material would be excavated from areas outside of the impoundment area. A temporary
treatment facility would be set up adjacent to the impoundment. The treatment plant would
stabilize the material using flyash and/or Portland cement. The treated material would be tested
to insure that TCLP results would be below the regulatory levels required for disposal in a non-
hazardous waste (C&D) landfill. The East Carbon Development Corporation (ECDC) located
140 miles from the Site in East Carbon, Utah is the nearest C&D landfill with sufficient capacity.
Material that does not pass regulatory standards would be disposed of in a Subtitle C (hazardous
waste) landfill. Clean Harbors' Grassy Mountain Facility located 120 from the Site in Tooele
County, Utah is the nearest Subtitle C landfill with sufficient capacity. Upon the completion of
treatment and disposal activities the Site would be reclaimed. The reclamation procedure would
entail regrading the site to the configuration of the preexisting topography, where possible, the
placement of a six (6) inch thick topsoil layer and revegetation. The current embankment would

be removed during reclamation.
5.4.1 Overall Protection of Human Health and the Environment

The excavation and removal of the contaminated material from the Site eliminates human health

and ecological risks due to direct contact, inhalation or ingestion of contaminated materials.

5.4.2 Compliance with ARARs

Compliance with chemical specific ARARs (Table 2-1) would be achieved under this alternative.
Remediation procedures would be designed to comply with action and location specific ARARs
(Table 2-1).

5.4.3 Long-term Effectiveness and Permanence

This alternative achieves the statutory preference for treatment of contaminated materials. The

treatment process would chemically and physically stabilize the metals prior to shipment to a
waste disposal facility. This would reduce the potential for the metals to leach into the
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environment. The long-term effectiveness would be achieved since the contaminated material is
completely removed from the Site. Residual risks from the materials would be limited to the

risks at the disposal facility, these risk are reduced by treatment of the materials.

With the exception of the upper South Diversion Ditch area, it does not appear that current
conditions are impacting surface or groundwater quality. Under this altemative, surface water

would be improved and groundwater quality would likely improve over time.
5.4.4 Reduction of Toxicity, Mobility or Volume Through Treatment

The toxicity and mobility of Site contamination would be reduced by the removal of
contaminated materials and treatment process proposed by Alternative 4. Site toxicity would be
further reduced by the disposal of material in a regulated 6ffsite landfill disposal facility. Some
material toxicity would remain however, this material would be located in a regulated landfill

and that is designed to meet applicable requirements.

The volume of contaminated materials would increase due to the addition of stabilization

materials such as flyash or Portland cement.
5.4.5 Short-Term Effectiveness

Short-term effectiveness of Alternative 4 would be dependent on the measures taken to reduce
human and ecological exposure during remedial activities. Applicable regulations governing
fugitive dust emissions would be followed during all Site activities. The remedial process would
be designed to reduce exposures to human health and the environment. There would be elevated
short-term risks associated with transporting the treated materials to a disposal facility. These

risks are refated to traffic accidents and transportation of large volumes of material over long

period of time.
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5.4.6 Implementability

Remedial activities proposed by Alternative 4 include standard soil excavation, grading, hauling,
backfilling and compaction techniques. All of the proposed activities include, but are not limited
to, excavation, transportation, grubbing, grading and revegetation can be provided by local
contractors. Site workers would be certified to handle contaminated materials. Local contractors
are available to provide this service. The stabilization of contaminated materials would be more
difficult to implement, however stabilization is a well-established technology. Waste
characterization and treatability studies would have to be conducted prior to full-scale
implementation. Disposal facilities would have to be arranged prior to the start of remedial
activities. Transportation services are readily available. United park has stockpiled sufficient

amounts of clean, low permeability soil onsite for final reclamation.

5.4.7 Cost

The estimated costs for Alternative 4 as detailed in Table 5-6 are $ 343,234,057.85 The

proposed costs include fifteen (15) years of operation and maintenance (O&M) costs.
5.5 Alternative 5 — Excavation, Treatment and Onsite Disposal

Alternative 5 Excavation, Treatment and Onsite Disposal entails the excavation and treatment of
contaminated material from the Site. The treated material would be disposed in an onsite
repository in the impoundment area. A design schematic is presented in Figure 5-3. The type of
treatment would be dependent on results of treatability studies. Contaminated material would be
excavated from areas inside and outside of the impoundment area. Initially a portion of the
impoundment would be excavated to provide repostitory space for treated materials. A temporary
treatment facility would be set up adjacent to the impoundment. The treatment plant would
stabilize the material using flyash and/or Portland cement. Upon completion of treatment and
disposal activities the Site would be reclaimed. The reclamation procedure would entail
regrading the Site to a configuration that would provide optimal stormwater drainage off of the

repository. Upon completion of remedial activities a twelve (12) inch layer of clean, low
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permeability soil would be placed on the repository. Areas outside of the impoundment would
be regraded to approximate preexisting topography where possible. The site would be covered
with a six (6) inch thick topsoil layer and revegetated with a native seed mix. The current

embankment would be removed during reclamation.
5.5.1 Overall Protection of Human Health and the Environment

The excavation and treatment of the contaminated material at the Site eliminates the human
health and ecological risks due to direct contact, inhalation or ingestion of contaminated

materials.
5.5.2 Compliance with ARARs

Compliance with chemical specific ARARs (Table 2-1) would be achieved under this alternative.
Remediation procedures would be designed to comply with action and location specific ARARs

(Table 2-1).
5.5.3 Long-term Effectiveness and Permanence

This alternative would meet the statutory preference for treatment of contaminated material. The
treatment process would chemically and physically stabilize the metals prior to disposal in the
onsite repository. This wounld reduce the potential for the metals to leach into the environment.
Long-term effectiveness for the Site is excellent since the contaminated material is stabilized.
Residual risks from the materials would be limited to risks of treated materials these risks are

minimized by treatment that reduces the leachability of the materials.

With the exception of the upper South Diversion Ditch area, it does not appear that current
conditions are impacting surface or groundwater quality. Under this alternative, surface water
would be improved and groundwater quality would likely improve over time, bat institutional

controls may be necessary to mitigate human exposure,
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5.5.4 Reduction of Toxicity, Mobility or Volume Through Treatment

This alternative reduces toxicity and mobitlity of Site contamination, however, overall volume
would increase with addition of treatment reagents. Some material toxicity would remain
however, this material would have been stabilized and further isolated from the environment by a

soil cover.
5.5.5 Short-Term Effectiveness

Short-term effectiveness of Alternative 5 would be dependent on the measures taken to reduce
human and ecological exposure during remedial activities. Applicable regulations goveming
fugitive dust emissions would be followed during all Site activities. The remedial process would

be designed to reduce exposures to human health and the environment.
5.5.5 Implementability

Remedial activities in this alternative include standard soil excavation, grading, hauling,
backfilling and compaction techniques. All of the proposed activities include, but are not limited
to, excavation, transportation, grubbing, grading and revegetation can be providled by local
contractors. Site workers would be trained in hazardous material handling procedures. Local
contractors are available to pr}ovide this service, The stabilization of contaminated materials
would be more difficult to implement, however stabilization is a well established technology.
Waste characterization and treatability studies would have to be conducted prior to full-scale
implementation. United Park has stockpiled sufficient amounts of clean, low-permeability cover

soil onsite.
5.5.6 Cost

The estimated costs for Alternative 5 as detailed in Table 5-7 are $ 144,708,705.72. The

proposed costs include fifteen (15) years of operation and maintenance (O&M) costs.
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6.0 SELECTION OF THE PREFERRED ALTERNATIVE

This section provides a comparison and ranking of the five alternatives detailed in Section 5.0
and selects the preferred altemative for the Site for recommendation to the public in the

Proposed Plan. The preferred alternative for the Site is further detailed in this section.
6.1 Comparison and Ranking of Alternatives

This section compares the five alternatives and selects a preferred alternative. The five

alternatives are described in detail in Section 5.0 and compared in this section are:

e Alternative 1 — No Action

o Altemnative 2 — Soil Cover, Institutional Controls and Wedge Buttress
e Alternative 3 - Source Removal, Soil Cover and Wedge Buttress

» Alternative 4 — Excavation, Treatment and Offsite Disposal

e Alternative 5 — Excavation, Treatment and Onsite Disposal

Table 6-1 compares and ranks each of the alternatives based on the seven threshold and

balancing criteria specified by the NCP.
6.1.1 OQverall Protection of Human Health and the Environment

Alternative 1 does not provide an increase in human health or environmental protection at the
Site. However, areas of the Site that do not pose a human health risk based on the BHHRA, such
as areas of the impoundment covered by sufficient quantities of clean cover soil, do not appear to
require remedial action at this time. Altemative 2 provides substantially more protection to
human health and a moderate improvement in environmental protection; however, all of the
contamination is left in place at the Site. Alternative 3 provides a higher degree of
protectiveness to human health and the environment by removing contaminated materials from
outside of the impoundment area and placing them inside the geometrically confined

impoundment prior to the remediation of the impoundment area. Specified source areas would
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be removed, reducing the potential for water to come into contact with contaminated material.
Alternative 4 provides the greatest degree of human and environmental health by removing the
contaminated material from the Site. Alternative 5 provides a high degree of human and
environmental health by stabilizing the waste and disposing of it onsite, however unlike

Alternative 4 the treated waste remains onsite.
6.1.2 Compliance with ARARs

Alternative 1 takes no action to remediate contaminated soil or water at the Site and therefore
may not comply with chemical specific ARARs. Action specific ARARs do not apply to

Alternative 1 since no actions are taken.
Alternative 2 complies with ARARs but does not remove contamination from any Site locations.

Alternative 3 complies with ARARs and removes some of the source contamination areas but

does remove contamination from the Site as a whole.
Alternatives 4 and § comply with ARARs.
6.1.3 Long-Term Effectiveness and Permanence

Alternative 1 does not change human health or environmental conditions at the site, The
effectiveness of Alternatives 2 and 3 are dependent on the integrity and effectiveness of the soil
cover and institutional controls, however Alternative 3 removes potential sources of
contamination and places the material in a central geometrically confined impoundment area and
hence is more effective than Alternative 2. Alternatives 4 and 5 are the most permanent solution
since all contaminated matenal is stabilized the difference is in the disposal options. The treated
waste remains onsite in Alternative 4 and is removed from the Site in Alternative 5 and hence no

monitoring or maintenance is required,
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6.1.4 Reduction of Toxicity, Mobility or Volume Through Treatment

Alternatives 1, 2 and 3 do not provide for any treatment of contaminated materials and do not
comply with the statutory preference for treatment. Alternatives 4 and 5 provide for treatment of
all materials that classify as hazardous waste. Alternative 2 reduces the mobility of the material
by isolating it from the environment with a soil cover. Alternative 3 reduces the mobility of the
material by removing certain source areas and placing the material in the geometrically confined
impoundment area. The volume of matenial increases in Alternatives 4 and 5 due to the

stabilization process, however the toxicity is reduced.
6.1.5 Short-Term Effectiveness

Alternative 1 has the least amount of short-term impacts because there is no remedial action and
hence no short-term impacts to Site workers, the environment and nearby recreational users. Of
the three alternatives that contain remediation activities Alternative 2 generates the least amount
of traffic, dust and exposure to Site workers since waste is not transported. Altemative 3
transports contaminated materials onsite and contains the potential to expose Site workers to
contaminated materials. Alternatives 4 and 5 transports and treats contaminated materials onsite
therefore increasing the exposure potential. Offsite transportation of over 10,000 truckloads of

material in Alternative 4 would increase local traffic.
6.1.6 Implementability

The simplest and easiest alternative to implement is Alternative 1 since there is nothing to
implement. Alternative 2 is the second simplest and easiest alternative to technically implement
since all equipment is available locally and soil for the soil cover has been stockpiled onsite.
However, Of the three alternatives that propose remedial activity Alternative 2 is the only one
that does not remove any source areas, due to this it might be difficult to implement
administratively. Alternative 3 would be more difficult to implement than Alternative 2 since
contaminated material would be transported onsite. However Alternative 3 would be easier to

- administratively implement since the major source areas would be removed and most of the
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contaminated material would be condensed into one location in a geometrically confined
impoundment. Alternative 5 is more difficult to implement than Alternatives 1 through 3 since
treatment and onsite disposal must be coordinated while minimizing short-term effects.
Alternative 4 is technically the most difficult alternative to implement due to the largest amount
of steps and components and the logistics of implementing the steps into an efficient cohesive

package while minimizing short-term effects.

6.1.7 Cost

The estimated costs for each alternative are summarized below:

Alternative 1 — No Action $ 0.00 (by definition)

Alternative 2 — Soil Cover, Institutional Controls and Wedge Buttress $ 2,295,397.99

Alternative 3 - Soil Cover, Institutional Controls Source Removal

and Wedge Buttress ' $4,262,729.65
Alternative 4 — Excavation, Treatment and Offsite Disposal $ 343,234,057.85
Alternative 5 — Excavation, Treatment and Onsite Disposal $ 144,708,705.72

The estimated costs presented above are based on the information presented in this FS and are
intended to be used as a comparative estimate within a range of +/- 50 %. Actual costs would be

further refined during the remedial design for the Site.
6.2  Selection of Preferred Alternative

Table 6.1 uses a numeric ranking system to evaluate the advantages/disadvantages of each
alternative. Each of the seven criteria are subdivided into sub-criteria. The sub-criteria are each
assigned a ranking weight based on the overall importance to the project. This ranking weight
allows each criteria’s ranking to contribute to the total score based on their relative importance,
For example, the overall protecﬁveness of human health and the environment has been assigned
a ranking weight of 10 on a scale of 1 to 10. This can be compared to the ranking weight of 3

assigned to the availability of services and capacities which is relatively insignificant when
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compared to the overall protectiveness of human health and the environment which has a ranking
weight of 10. With the exception of environmental impacts, short term effectiveness criteria
have been assigned relatively low ranking weights due to their temporary nature. The assigned
ranking weights are also Site-specific, for example community protection at the Site has been
assigned a low weight due to the isolation of the Site, if the Site was located in an urban area the

ranking weight would have been significantly greater.

The sub-criteria for each alternative are ranked on a scale of 1 through 5, with 1 signifying the
least compliance and 5 signifying the greatest compliance. The sub-criteria’s alternative rank are
then multiplied by the ranking weight for the sub criteria to obtain a factored rank. The factored
ranks were then totaled to obtain a total ranking for each alternative with the greatest total of

points signifying the optimal choice. Costs were examined separately.

Ranking totals with costs excluded indicate that Altermatives 4 and 5 are significantly more
advantageous than the other alternatives, however the costs of Alternatives 4 and 5 are
significantly high enough to make these alternative cost-prohibitive. This is due to the fact that
they are based on cost prohibitive treatment and disposal options. Based on the combination of

ranking and costs, Alternative 3 presents the best combination of ranking and costs.

Based on the comparison of the five alternatives presented in Section 6.1 and the ranking and
costs presented in Table 6-1, the preferred alternative is Alternative 3 — Soil Cover, Source
Removal, Institutional Controls and Wedge Buttress. This altemnative is protective of both
human health and the environment, removes the source areas and is cost effective. While
Alternatives 4 and 5 have the potential to be more protective of the environment by removing
and treating contaminated material from the Site, Alternative 3 sufficiently protects the
environment by immobilizing contamination within the geometrically confined impoundment.

Alternative 3 is substantially more cost effictent than Alternatives 4 and 5.

6.3 Detailed Description of the Preferred Alternative
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This Section presents and details the components and logistics for completing the preferred

alternative.

6.3.1 Preferred Alternative Preliminary Design Components

The selected remedial alternative entails the following steps/design components:

Removal of contaminated materials in selected areas south of the diversion ditch and at a
later time in the wetland below the main embankment. This step would include
overexcavation of the contaminated material by six-inches (6") or the depth required to
remove all traces of contamination if six-inches (6”) is not sufficient. Excavation would be
guided by field personnel using a portable X-ray fluorescence meter. Confirmation samples
would be submitted to a laboratory using methodologies detailed in the SAP (RMC, 2001).
Relocating the excavated materials to the low-lying nertherly area within the impoundment;
Placement of a twelve (12) inch thick low permeability soil cover on areas where tailings are
left in-place including the impoundment. The cover would be placed in six-inch lifts and
compacted. Upon completion of the impereable soil cover, a final six (6) inch topsoil
cover would be placed. The final surface would be graded to control surface stormwater
runoff and drainage. Drainage swales and runoff channels may be installed where required
to direct surface runoff toward the diversion ditch. Where applicable stormwater runoff
control structures would be constructed using erosion resistant materials such as geotextile
fabric and rip-rap.

Placement of twelve (12) inches of clean gravel over contaminated sediments in the diversion
ditch.

Installation of a wedge buttress along the oversteepened portion of the embankment (for
about 400 feet of the total embankment length of 800 feet). A preliminary design for the
wedge buttress was prepared by AGEC for United Park in October 2001. Based on existing
information from previous studies AGEC determined that there would be a 50% increase in
stability if a buttress fill was placed along the toe of the embankment with the height of the
fill approximately 10 feet above the toe and extending horizontally out from the embankment
face approximately 30 feet. A similar increase would be obtained by modifying the fill
height to 15 feet and the horizontal width to 20 feet. Prior to construction, the upper soil and
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existing vegetation and organic matter would be removed prior to fill placement. Drain
material and possibly a filter blanket (if required) would be placed prior to the buttress fill.
Seep water currently emanating from the embankment would be diverted to the South
Diversion Ditch. The buttress fill material would be compacted to at least ninety-five (95)
percent of the maximum dry density as determined by ASTM D-698 at a moisture content
within two (2) percent of optimum. At the end of construction the buttress fill would be
protected from erosion by vegetation or other methods.

e Regrading and revegetation of areas affected by remedial activities at the Site. Areas in
which tailings were removed would be restored, where possible, to existing topographic
conditions; and

e Monitoring Site conditions on & periodic basis for 5 years.
Remedial areas are presented in Figure 5-2.
6.3.2 Preferred Alternative Volume Estimation

As previously discussed in Table 5-3 and Section 5.3. the estimated volumes of contaminated

matenals to be removed in the design and cost estimates are as follows:

Tailings South of the Diversion Ditch* 178,266 yd’

* - This volume include six (6) inches of underlying and existing cover materials.

Contaminated Sediment in the Wetland* 10,365 yd’

* - This volume represents the removal of one (1) foot of sediments.
6.3.3 Preferred Altemative Costs

As previously discussed in Table 5-5 and Section 5.3 the estimated cost for the preferred
alterh ative is $ 4,262,729.65. This cost is based on the information presented in this FS and is
intended to be used as a comparative estimate within a range of +/- 50 %. Actual costs will be

further refined during the remedial design for the Site.
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DRAFT Table 5-1

Summary of Remedial Alternatives

Alternative 1 - No Action
No action alternative is required by CERCLA and NCP.

No action will be taken to address Site contamination.

Alternative 2 — Soil Cover with Institutional Controls and Wedge Buttress

Placing 238,560 cyds of clean soil to achieve an 18” soil cover over the entire Site.
Institutional controls will be designed and implemented to limit human contact with
contaminated material.

Soil cover will be graded to direct stormwater and surface runoff off the impoundment.
Soil cover will prevent the infiltration of surface water into the ground on and off the
impoundment.

Soil cover will be revegetated.

South Diversion Ditch and wetland areas will be preserved.

Install wedge buttress to increase the stability of the embankment.

Alternative 3 — Source Removal, Soil/Gravel Cover and Wedge Buttress

115,866 cyds of tailings from the tailings south of the diversion ditch will be excavated and
placed on the impoundment. '

283,625 cyds of clean soil will be placed as a soil cover on and off the impoundment to
achieve 18" of soil cover. ,

Areas where tailings were removed will be regraded to preexisting topography, where
possible and revegetated.

Soil cover will be graded to direct stormwater and surface runoff away from contaminated
material. '

Excavated areas will be covered with a 6-inch layer of topsoil.

The soil cover will be revegetated.

Place 956 cyds of gravel in the South Diversion Ditch to achieve 12” cover on sediments.
Excavate and haul wetland sediments to impoundment.

Install wedge buttress to increase the stability of the embankment.

Implementing institutional controls for any contaminant left in place.
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DRAFT Table 5-1

Summary of Remedial Alternatives

Alternative 4 — Excavation, Treatment and Offsite Disposal

e & & o @

Excavating 2,980,988 cyds of material from the impoundment, floodplain tailings, tailings
south of the diversion ditch, and wetlands.

Stabilizing excavated material at an onsite temporary treatment facility with flyash or
portland cement to achieve LDRs of 5 ppm extractable lead and 5 ppm AS (using TCLP)
where possible.

Transporting material to a C&D (Class I1V) or Subtitle C landfill, depending on the results of
waste classification (using TCLP).

Excavated areas will be covered with a 6-inch layer of topsoil.

Regrade and revegetate all excavated areas.

South Diversion Ditch and wetlands areas will be remediated and reconstructed.
Implementing institutional controls for any contaminant left in place.

Remove embankment when all materials are removed from impoundment.

Alternative 5 — Excavation, Treatment and Onsite Disposal

&

Excavating 2,980,988 cyds of material from the impoundment, floodplain tailings, tailings
south of the diversion ditch and wetlands.

Stabilizing excavated matenal at an onsite temporary treatment facility with flyash or
portland cement to achieve LDRs of 5 ppm extractable lead and 5 ppm AS (using TCLP)
where possible.

Placing material in temporay onsite repository until space is available to construct permanent
onsite repository.

Repository will be covered with a 12 inch layer of clean, low permeability soil and a 6-inch
layer of topsoil.

Regrade and revegetate all excavated areas and repository.

South Diversion Ditch and wetlands areas will be remediated and reconstructed.
Implementing institutional controls for any contaminant left in place.

Remove embankment when all materials are removed from impoundment.
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Comparative Annlys! of Final Altematives

Alternative 2 Alternative 3 Alternative 4 Alternative §
Altarmative 1 Sall Cover/Institational Controls |50l Cover/Seurce Removal and Wi Exeavation, trestment and Offsite | Excavation, Trestment and Ousite
Criteria No Actian ad Wedge Butiress Buattress Disposal Disposal

JOVERALL FROTECTIVENESS

Human Health- Direct contact end Based on tesults of BHHRA | The cover reduces direct contact, imhalation. | The oover reduces direct cortact, ishalatan wnd [Rescval, trostment and offits dispossl of  {Removal, treatment and ansite disposal of

Jinhelation. brnan hoalth wposure st the [end ingsetion of oastaminetad y0il wd moots [ingeetion of conminsted soil wnd meots bumen fcontemineiod material reduces and sliminetes |conteminated material mduces end

Fite aro within acoeptable hoaman bealth requircmants. health requirements, Potertiad for cantact the risk of direct cantect, inhalstion snd potentially eliminates the risk of direct

limits. reduced by & reduction in wamt of telings.  {ingoetion of conteminated soil and meets tect, inhaletion and ingestion of
Sonie protection to ereal environmant by partial | s health requirsments contaminatad soil and meets human health
scuarce removel. Foquirements

Environmental Protection 1Smwmm The 30il covar reduces some ecolngical risk  {The sail cover reduoces some scological risk and |Site contamination is removed and the Sits contemination is treated and the

is liknly to be some and will help to reduce surface water will help to peckice strface waler infiltration into (envitonmantal quality of Site is improved.  |environmentel quality of Site is impeaved
sttenuation over tme in woter, |infiltration into the contswinatod material  |ths conteminsted malorisl Most meterial will be,
and hanco will ingprove groundwater quality, |losted in the grometrically confined
The scuros matorial stays in piace. impoundrmant, Recoval of groundwater and
surfacewaler contmmination soaoe arens will
COMPLIANCE WITH ARARS
(Chemical-specific ARAR [Not sokisfied |Bavi miital protection is met, t all [Air quality protoction is met, hawover all Air quality protection is met and all Air quality protaction ia et and
contenination remsing aneite. cortmminetion remains orsite bt is located in s |contsmination is removed froeo the Site. cofitmminmtion is treated amaits. Surface
oentralized location in & closed impowdment. | Surface waker mnd groundwater standards are | water snd groundwater standands are met.
Surface water mnd grourdwaber quality is twet.
: i

| Action-specific ARAR [Not epplicabls Foderal md State rogulations will bomet  |Foderal and Stale reguletions will be mot dufing |Fadatal wd Stete regatlations will be nst | Fodaral wsd Stats togulstions will be met

hri Jial activities Jinl activit hori Jind activic . fial wetivition

(Other criteria/guidance ‘Would allow contact, protects agamat inhalation/diroct contact, | Same s Ahemetive 2. Same m Altrnative 2. Some s Alternative 2.

h runan health risks
s within acooptable lints.
LONG-TERM EFFECTIVENESS AND FERMANENCE
|Miagnitude of residunl risk | Souroe not removed. Existing | Source not ramoved. Bxisting risk willbe  [Source is partially removed. Existing risk will | Contamirsted meterials are removed from the | Comtaminated materials s treated and left
risk will rermain, {roduced by the soil cover. remain but will be reduced ow mowt materials | Site. No residual riak. onaite. Magnitude of residual riak is
will ba placed in centrulized location ina significattly reduced. No residual risk
od i dity in i ]
Adnmnwaﬂrd:ﬁiﬂyofmk No controls over mmaining | Soil cover integrity will be mainteined by Soﬂwirnayity;'_]lh'nﬁrﬁmdby Nane required, contaminated material will be [Site and treeted materials will be monitored
cortamination. Mo religbility. |institctional controls and moniloning. inatitutional controls and monitoring. resscved fram Site. 0 insure that Site is not affecting lnuman
Relisbility will be mximized through cover |Relishility will bo maximized through design health end the enviranment.
design and enforcenvent of institutional wd enforoamnent of institutional controls m well
contruls, o placement of tailings in prametrically
fnedi a

REDUCTION OF TOXICITY, MOBILITY OR YOLUME

Trostment prrocess wsed Naone used Naho used None usod Stbilization/Gotion Stsbilization/fixation

JAmount destroyed or treated None HNona 2,847,087 cubic yards 2,847,087 cubic yards

Reduction of taxicity, mobility or volume [None {Mobility is reduced by 30l covar. Mobility is reduced by moving most Mobility is reduced by trestment and Mobility is reduced by ent. in

trestrert contwminated metarials into the geometrically  [disposal in e regulsted facility. Increme in  {volame with s decrome in toxicity,

confined inpoundmont with 2 sail cover. volume with m decreass in taxicity.
Remaining medcrials will be covered.
SHORT TERM EFFECTIVENESS
Catmmunity protection Risk not increased by remedy | Risk not incressed by remedy implementation Risk not incressed if action specific ARARS are |Riak not incrossed if sction specific ARARs [Risk not incromed if action specific ARARs
insplementation. met during remediation. are met during remodintion. Transpartation.  |are met during remediation.
may inoreans comemvanity risks due to in
in truck tific.
[orer protection No riak to workemm Rink i minimal sinve contaninatod materisl [Workers will be handling contaminated malerial | Workers will be heydling contaminated | Workers will be handling conteminated
in not being handled. during onsite rensport, cantact with material during anite transport and maiartal during onsits trensport and
conteninabed fugitive dust is possible during  |trestment, contect with canvteninsted fugitive |trestment, contant with contaminated fogitive
oweration and disposa. dust in possible during cxow ation and dust ix possiblo during cxeavetion mnd
J- disposal. disposal,

Environnrental impects Continued impact from Dust gonerated during remedial activities.  [Dust generated during remodial activities, Dust gererated during reroedial activities. | Dust genersied during remedial activitics.

existing conditions |Potentind effocts from ditch axcenation. Potential effects fram ditch eocavation,

| Time until action is conpiete WA Ome 10 two construction sesons. One 1o two construction scasans, One 1o two construrtion seesons. Onie 10 LW SOnStraction seasons,

| MPLEMENTABILITY

Abrillity to comstroct end aperete [No construction or operation [Stenderd extavation wnd tenspartation Standard ccvation md trensportation [ Srndard exoavation end wmnsportation Standard ecavation and transpontation

required. technalogies wre emily implomentad. technologies are emily mplemanted Remedial [technalogies wre easily implamonted, ftechnalogies are enily implamented,
Standard inwtitational controls ewsity cantrectors ars locally evaileble. Cover soilis  [Remadial contractors wre Jocully wrailahle.  [Renedial oattrectars are locally svailelle.
|implementad. Cover soil is stockpiled cnwite {xtockpiled ansite and evaileble bocally. Cover goil i stockpiled onsite and availsble |Cover soil is stockpiled onsite and aveileble
and eveilable locslly. locally. Bench-scale testing will need be locally. Bench-scale testing will nesd be
conductad, Trestment contractars and {canducted. Treatment caniractarm and
disposal facilitios e available. disposal facilities are evaileble.
Baso of additional remediation, if needed  |Easy, ax no remediation has [ Would impact original remedy. Would impact origine] remedy, Wauld impact arigingl remedy. Would impact original remedy,
bean done in this eltemative.

[ Ability to moruter effactiveness No monitoring required. |Periodic manitating requirsd. Periodic moritoring required. Periodic memitoring required until Periodic monitanng required wtil
verification that site is nol effecting Inmoan or | veyificetion thet ajte js ot effecting humen or!
enviranmenial health environmental health.

Ability o ebtain epproval fram other Very difficult to obtan o | DAL 10 oblain epproval inco ground | Lass dificult than. Alemative 2 sinee ground | Lexs difficult than Altermstives 2 wnd 3 since | More diffioult than Altsmatives 3 and 4 since

agenties action” from agencies. 'waler sourot contmoination is left in place. | water source contamination is ramoved. oonteepingtion is removed.  Moderete level of |contemination rameins anaits, Moderme

Hiigh teval of coordination with stats and Moderate level of coardinaticn with stetewnd | coordination with stats and federsl sgencies {level of coordination with etate end fedaral
faderal agencizs will ba required for long-  {federal agencios will be required for long-ternn  [will be required for short-term monitoring  [egencies will be required for short-tenn
tan monitoring end complianoe. manitoring and camplimnce. and i Agency coordination will itoring atd i Agency
- == e I : bo mequired for disposal. eoardination will bé required far disposal
and sito closure,
Avail.ahiityofmieeaaﬂmaa Mo services of qupacities No disposal required. AN services availsble. [No disposal required. Al services svailable. | Disposal types end capacitics neod 1o be ¥ inal volumes need to bo determined, but
required, determined, but should be available. Large  |baildup of impoundment height should
scule transpartation logistics will be required. | provide sufficient volume capacity.

| Availchility of \echnology (None required {Required technology avalable. Roquired tachnalogy evailable. Specialized treatment techmology is required |Specinlized treatmeont technology is required
but available. but evailable.

COST

Direct Capital Cost 30 $1.849,281.00 33,509,476.50 $289,561,230 121 NL 70528

Indirect Costs (inchudes O&:M) 30 $446,116.99 $753,253 $53,6 12828 322,806,000

Towl Cost 30 $2,295,397.99 $4,262 12665 $343.234 057.85 3144708, 705,72

Protoctive of human heslth md

ISTATE ACCEPTANCE environmens Potertislly Yes Yes Yes Yes

I_COMNI’I'YJ\CCEPTANCE See Note A Sen Mols A See Nole A See Nole A See Moo A

ot

A+ "Will 'y sviinaied thxing the CERCLA-Puqmired

Pobtk Coutimt pariod.

ARAR - Applkcabls or Ralevant and Approprists Requirvent

O - Opwrations, ssintwesncs wnd moitoring.
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Table 5-3

Richardson Flal 508 Volume Calculations

YWetland Area Dapth Total {FT3) | SubTotal (YDJI)|Total {YD3I} |Hotes
"] 2719 B52 1.0 2719 852 13,385 Per foot of excavation.
[ptace access (14" wide, 2004 Iotal lengih) 28,000 3 84,000 3 Asgume 14" wide, with 40 trackhoa reach.
Hand ex and haul 13478
d L 270,852 1.4 270,852 10,365
South Diversion Ditch lsngih width _ 'Deptn Votuma (F13)  [Total (¥D3)
Placg 12° gravel 4,300 [ 1.0 25,800 [
|
Weadge Bulires Ares Dapth  [Total IFT3) | SubTetsl {vD3)[Toml (yo3)
Place riod 184,400 71.200 405 x 320 fi2 (x-seclion}
Place drain 31,591 10 31,591 1,170 and 87 compaction factor
|
Alt. 2 Soil Cover
(add wedge bulires}
Plage Soll Cover Aroa Depth Tolal (FT3} |Tolal (YD3)
TSOD-504 cover 2,163,249 0.5 1,081,675 40,062 ASSUMES SOMO COver N (ACe On average, ]
TSDO- opsod 2,163,349 0% 1,081,675 40062
[Impoundment- soll cover 4.277.787 05| 2138604 79218 |& 3eeas wilh > 16" 500 Cover,
ound tap soil 4,217,787 0.5]  2.138.,894 76.218 Mo 1op soll on curmen areas >18",
|43 Source Removal
[T500 + Panial R 1 {outsids dilch} Area Dapth | Total (FT3) | SubTotal {vD3)[Total [¥D3}
C:D-= 1alls ax and haul to k 3,128,370 115,666 Takd kom modet
TSOD- cover gver tails 1,202,038 44.553 [ with talls, from modat,
TSDO- base hokow tails 963,732 0.5 481,966 17,847 Baza with Exdls.
TSDD- Todal 1o haul to Impoundment 178,286
TSDO- phace topsoi) 2,183,048 Q.5 1,081,875 40,062 40,062 | Topscll on whola area.
FSDO- piaca soll cover 1,484 560 0.5 742280 27,492 27 A2 |50l cowar - non reminal aeas
Flace Tabings (rom T50D AND Welland] 176.266] 101,742 Placa in Iow northam area.
Pace 501l coved- over d tafiings 1,556,139 1.0 1,550,139 57,825 Per foat over Iow ares. ]
Plate soil Cover 4,277,787 0.5 2,138,684 19.218 Exgiuges areas wih > 18* soll cover.
Totar soif caver ta be placed 136,853
Ptace lop sail 4,277,787 0.5 2,136,884 79,218 78,218 Excludes areas wilh > 18° £00 Gover.
[ runaif ch  (on kmp ) 21,000 20 42000 1.556 Direct Row from Impoundment into South O don Dilch
h t ion in source removal area 20,000 2.0/ 40,000 1.481 After sourca removal in s8 area 1000x10x2.
AlL 4 Offsite Disposal
Area Oepih Tolal (FT3} | SubTolal {¥D3} Total (YDI)
TSDO- e and haul to 6,201,150 232638 Total from madal .
TSDO- cover aver talis 3205200 122,085 Caver d with lalls, from model.
TSCO- bage below ails 2,163,349 05 1,0B1.675 40,062 [Base remaved with tals. ]
TSOD- Todal to haul Lo traatmentioadeut 04,744
[Y30D- piace topsoll_ 2,183,349 0.5 1,081,875 #6,082 40,093 [Whole Area.
[ Wetiand ex and haul Area [Dopth__[Total (FT3) | SubTotad (YOI | Totat {¥D3)
ex and hual 279,852 10| 6,281,166 232,636
milgaton 279,852 10 £.281.166 232,636
Total 1o treal 233,030
impoundment
South Diversion DHEh &x and haul 25.600 35[__8261,160 232,838
talts- excavate and haul to treatinadau 48,870,611 1,810,623 Tolal from model .
cover- axcavabe and haul 1o tealfoadout 5,857,641 216,057 Total from maodal .
Juase- axtavale and haul 10 teatioadout 5,075,626 0.5 2,537.013 03,803
[impoundment. Total fo haid to treatNoadout 7,393,600
Total matarial o Ureal 29 88
Tolal material lo dispose 4AT1,402 | Assume 1.5 swoll faciorn.
spourdmant-placs loposoll 8,675,620 0.5 2337873 93,993 93,993
AlL § Offsite Dispusal
Area Depth _ [Totsl (FT3) | SubTotal {¥D3}|Total (YD3)
TSDD- ex and haul lo lreatmentioadout 8,281,188 232,636 Totad from moded .
TSDD0- cover over Ly 3.285.240 122,048 Cover removed with tails, from model.
TSDD- basa below taks 163,348 O‘SI 1,081,975 40,062 Base emoved wilth @ils.
[TS00- Total to haul 10 reaimentoadout 163,348, _| 394,744
TSDD- place topsoll 163,349 0.5 1,081,675 40,062 #0082 | Whole area.
latland »x and haw Arna IDeEm Tolal {FT3] | SubTotal (¥D3}|Total {¥D}}
Ll ax and hual 279,852 1.0 8.261,1868 32,6%
miligation 278,652 1.0 6,261,166 232.5M
Tolal io ireal 32,938
South Dversion DILCT ex and haul 75,800 556281168 CLE:
lalls- excvate and haut o Agadout 48.870 811 1,810,027 Tolat from model .
tover- and haul o dowl 5,857,841 16,657 Total from model .
base- excavale and haul to naatioadow 5,075,620 0.5] 2537012 63,003
P drment- Tolal to hawl ta Aeadaul 2,315,609
Total material to treat 2,080,980
Total 1 in seplace of knpaundment 4,471,482 | Assume 1.5 swel faclor.
\impoundment-place toposoil 5OTSEze] oS zsarei3 [EXIE M)

FS COST tables-2004-fina) drafl.xts
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Direct Capital Costs
Diverslon Ditch
Place 1° gravel cover
Signs

Tallings South of Diversion Ditch
Sile preparation (clearing, giubbing..)
Place soil cover (bring up to 127
Place lopsoil (.57

Dust control

Reconstruc! Inbutary channel
revegetation

Impoundment

Site preparalion (clearing, grubbing..)
Place soil cover {bring up lo 127)
Flace lopsaoil {57

Consiruct drainage channel {to SDD)
Dust control

Grading {stormwater runofl control}
tevegetation

Embankment (wedge buttress)
Sile preparation {clearing, grubbing..)
Place drain material

Plage buliress material (includes compaciion of iills)

Dust conlrol

Erosion proteclion {(stormwaler runoff conlrol)

Revegelation

Long-Term Operation and Malntenance Costs

O
Annual Sampling

Reporting
Develop Institutional Controls

Institutional Conlrols Moniloring and Repair (fencing, signhs)

Indirect Capital Costs

Engineering Design and Project Administration

Monitoring Plan

Construclion Oversight (2.5 % of Direct Capital Casf)
Conlingenty (15 % of Direct Capital Cost)
Health and Safety (1 % of Capital Costs)

EPA Oversight

FS COST lables-2004-final draft.ds

Table 5-4

Cost Alternative 2
Soil Coverfinsitutional Controls
Quantity Unit Cost Total Cost
956 cyd $12.00 $11,472.00
20 sign $50.00 $1,000.00
Subtotal | $12,472.00
50 ac $1,000.00 $50,000.00
40,062 ty $5.75 $230,356.50
40,062 oy $4.80 $192,297 60
20 days $735.00 $14,700.00
1,481 oy $7.50 $11,107.50
50 ac $500.00 $25,000.00
_Subtotal [ $523,461.60]
115 ac $1,000.00 $115,000.00
79,218 =Y $5.75 $455,503.50
79,218 cy $4.830 $380,246.40
1,667 oy $7.50 $12,502.50
20 days $735.00 $14,700.00
80 hrs $140.00 $11,200.00
115 ac $500.00 $57.500.00
Subtotal | $1,046,652.40]
075 ac $1,000.00 $750.00
1,170 oy $5.00 $9,360.00
7,200 cy $6.00 $43,200.00
5 days $735.00 $4,410.00
300 cy $12.00 $3,600.00
0.75% ac $500.00 $375.00
Subtotal | $61,695.00]
15 y1 $4,000.00 $50,000.00
15" yr $2,000.00 $20,000.00
15 yr $5,000.00 $75,000.00
1 $10,000.00 $10,000.00
15 w $2.000.00 $30,000.00
Subtotal | $205,000.00]
[Total Direct Costs $1,849,281.00]
$50,000.00
$4,000.00
$46,232.03
$277.392.15
$18,492.81
$50,000.00
Subtotat [ $446,116.99]
[Total indirect Costs $446,115.99]
I'I'OT AL COSTS 32,295.397.99'
5/4104



Direct Capital Cosis
Diversion Ditch
Place 1' gravel cover
Signs

Tallings South of Diversion Ditch

Site preparation (clearing, grubbing..)

Excavate and hau to impoundmen {parlial source removal)
Place soil cover {bring up 10 12, haul, spread, compact)
Flace topsoil {5') excavated and Govered areas

Dust control

Reconstruct titwtary channel

Grading (slormwater runoff controf)

Revegetation

Wetland

Flace fill for rackboe access
Excavate and haul to impoundmernt
Restoration

Sitver Creek diversion
Revegetation

Impoundment

Site preparation {clearing, grubbing..}

Hace 1ailings from TSDD and Weland {grade and compact)
Place soil cover {bfing up to 12, haul, spread, compact)
Construct drainage channel {to SDD)

Face topsoit {5}

Dust contigl

Grading (stormwater funoff control}

revegetation

Embankmant (wedge buttress)

Site preparation (clearing, grubbing..)

Pace drain material

Place buttress material {includes compaction of lifts)
Cust control

Erasion protection {stormwates runoff cont

Revegetation '

Long-Tarm Operation and Maintenance Costs

O&M

Anrval Sampling

Reporting

Develop Institutional Cantrals

(nstitytional Controls Moniloring and Repair (fencing, signs)

Indivect Capital Costs

Engineering Design and Project Administration
Moritaring Flan

Construction Oversight {2.5 % of Direct Capilal Cosl) .
Confingency {15 % of Direct Capital Cost}

Health and Safety {1 % of Capital Cosls)

EPA Oversight

Table 5-5

Cost Alternative 3
Source Removal/ Soil Cover and Wedge Butiress
Quantity Unit Cost Total Cost
836 oyd $1200 $11,472.00
20 sign $50.00 $1,000.00
Subtotal | $42,472.00]
50 ac $1,00000 $50,000.00
178,266 ey $5.75 $1,025,026.50
27,492 oy $4.80 $131,961.60
40,062 of $4.80 $192,297 60
20 days $735.00 $14,700 00
1,481 oy $7.50 $11,107.50
24 s $140.00 $3,350.00
50 ac $500.00 $23,000.00
Subtotal L $1,453 456.20|
3,040 oy $4.00 $14,552.00
13,440 cy $5.75 $77,280.00
10,400 oy $10.00 $104,000.00
500 oy $7.50 $3,750.00
7 ac $500.00 $3,250.00
Subtotal | $202,872.00)
15 ac $1,000.00 $115,000.00
191,742 cy $1.50 $287,643.00
135,853 oy $4.80 $656,894.40
1,556 oy $7.50 $11,670.00
79,218 oy $4.80 $380,246.40
20 days $735.00 © $14,700,00
80 hrs $140.00 $11,200.00
15 ac $500.00 $57,500.00
Subtotal i $1,534 823.80]
075 ac $1,000.00 $750.00
1,210 oy $5.00 $9,680.00
7,200 oy $6.00 $43,200.00
6 days $735.00 $4,410.00
300 oy $7.50 $2,250.00
0.75 ac $750.00 $562.50
Subtotal | $60,852.60]
15 ¥ $4,000.00 $60,000.00
15 yr $2,000.00 $30,000.00
15 yr $5,000.00 $75,000.00
L $5,000.00 $3,000.00
15 yr $5,000.00 $75.000.00
Subtotal [ $245,000.00|
[Fotal Direct Costs $3,509,476.50
$50,000.00
$4,000.00
$67,736.91
$526,421.48
$35,054.77
$50,000.00
Subtotal [ $753,253.185)
[Total indirect Costs $753,053.16 |
-
[TOTAL COSTS $4,262,729.65 |

FS COST tables-2004-final draft.ds
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Table 5-6
Cost Alternative 4
Excavation, Treatment and Offsite Disposal

Direct Capital Costs Quantity Unit Gost JTetal Cost
Diversion Ditch {removal)}
Remove sediments and {ailings haul to treatment 232,636 cy $6.00 $1.395,816.00
revegetation 2 ac £500.00 $1,000.00
Subtotal N $9,396,816.00)
Tailings South of Diverslon Ditch
Site preparation {clearing, grubbing..} 50 ac £1,000.00 $50.000.00
Excavate and haul to ireatmentloadout {lails, base and exs. cover) 394,744 ey $5.75 $2,269,778.00
Ptace topsoil 40,062 cy $4.80 $192,297.60
Dwst control 20 days $735.00 $14,700.00
Reconstruct tributary channel 1,481 oy $7.50 $11,107.50
Grading {reclamation and stormwater runaff control} 40 hrs $140.00 $5.600.00
revegetation 50 ac $500.00 $25.000.00
Subtotal C $2,568,453.10]
Impoundment
Site preparation {clearing, grubbing. } 115 ag $1,000.00 $115,000 00
Exgavate {ailings, base and existing cover, haul to toadout 2,353,609 oy $5.75 $13,533,251 75
Ptace topsoil _ 93,993 cy ] $4 80 $451.166.40
Reconsiruct original channel 391 oy $7.50 $29.332.50
Dust controf a0 days $735.00 $22.050.00
Grading {stormwater runof control) 40 hrs $140,00 $5, 600,00
revegetation 115 ac $500.00 $57,500.00
Subtotal | S14,21§,_900.65|
Embankment
excavate and haul ) 65,200 cy - £5.75 £375.417.50
Dust control a days $735.00 $5,880.00
Erosion protection {storewaler runofl control) 500 oy $7.50 $3.750.00
Revegetation 2 ag $500.00 $1.000.00
Subtotal | 3336,04?.50|
Wetland
Flace fill for trackhoe access 3.040 oy $4.80 $14.592.00
Excavate and haul to treatmentfoadout 13,440 ey $5.75% §77,280.00
i Waetland restoration 10,365 cy $10.00 $103,650.00
Siver Creek diversion : 500 ey $7.50 3$3,750.00
Subtotal [ $198,272.00]
Stabilizatlon and disposal - ECOC .
Oust control a0 days £735.00 $22,050.00
Erasion protection {stormwater runoff control) 1,000 cy $7.50 $7.500.00
Stabilization 2,550,988 cy $30.00 $89,429,640.00
Load to trucks 4,471,482 cy $1.50 $6,707.223.00
Haul ta landfi¥) {43 ton belly dump trucks) 4,471,482 oy $9.00 $40,243,338.00
disposal fees 4,471,482 cy $30.00 $134,144,450,00
Sample analysis i 250 sample $150.00 $37,500.00
Subtotal [ $270,591,711,00]
Long-Term Operation and Maintenance Costs
o].17} 15 yr $4,000.00 $60,000.00
Annual Sampling 15 yr £2,000.00 $320,000,00
Reporting 15 ¥ $5,000.00 $75.000.00
Develop institutional Controls 1 $10,000.00 $10,000.00
Institutional Contioks Monitoring and Repair 15 yr $2,000.00 $30.000.00
Subtotal O —3205,000.09)
[TeRTBirect Gasis . 551,230.2
Indirect Capital Costs '
Engneerng Design and Project Administration $50,000.00
Monitoring Plan $4,000.00
Construction Oversight (2.5 % of Direct Capilal Cost) $7,239,030.76
Continpency {15 % of Direct Capital Cost) $43,434,184.54
Health and Safety (1 % of Capital Costs} $2,895,612.30
EPA QOversight $50,000.00
Subtota) $53.672,827.60
ITotal Indirect Gosts $83.,672.027.60]
[fOTAL COSTS $343.234,057.83)
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Direct Caphtal Costs

Diversien Ditch

Remove sediments and failings haul to treatment
fevegetation

Tallings South of Diversion Ditch

Site preparation (clearing, grubbing..)

Excavate and haul to treatment (tails and exs. cover)
Place topsoll

Dust contral .

Recanstruct tibutary channel

Grading {reclamation and stormwater runoff controly

revegetation .

Impoundment

Site preparation (clearing, grubbing..)

Excavate tailings an existing cover, haul to loadout
Place topsoll

replace treated materials

canstruct drainage channel (center to SO0

Dust controt

Grading {siomwater runoff controd)

revegeialion

Embankment

excavate and haul

Dust contral

Erosion pratection (sforewater runoff control}

Revegetation

Wetland

Ptace filt for trackhoe access

Excavate and haul to reatmentiloadout
Wetland restoration

Sitver Creek diversion

$tabilization and Disposal - Onsite

Dust control

Erasion protection {stormwater runaff control)
Stabilization

Load to trucks, haul to impoundment
Bample analysis

Long-Term Operation and Malntenanca Costs
Q&M

Annual Sampling

Reporting

Devedap Institutionat Controls

Institutional Controls Monitoring and Repais

Indirect Capital Costs

Engineering Design and Project Administration
Manitofing Flan -

Construction Oversight (2.5 % of Direct Capital Cost)
Contingency {15 % of Direct Capital Cost}

Healh and Safety (1 % of Capital Costs)

EPA. Cversight

FS COST tables-2004-final draft Xis

Table 5-7

Cost Altemnative 5
Onsile Treatment and Disposal

Quantity Unit Cost Jotal Cost
232,635 cy $6.00 $1,395,816.00
2 ac $500.00 $1,000.00
Sublotat f $1,396,816.00]
50 ac $1,000.00 $50,000.00
394,744 cy 3575 $2,269778.00
40,062 cy $4.80 $192,297.60
20 days $735.00 $44,700.00
1,481 If $7.50 $11,307.50
40 hrs $140.G0 $5.600.00
50 ac $500.00 $25,000.00
Subtotal | s_z,gsa.m.ml
15 an $1,000.Q0 $115,000.00
2,353,609 cy 575 $13.533,251.75%
93,993 cy $4.80 $451,166.40
4,471,482 ¥ $150 $6,707,223.00
391 oy $7.50 $29,332.50
30 days $735.00 $22,050.00
40 hws £140.00 $5,600.00
115 ac $500.00 $57,500.00
Subtota)
65,290 cy $5.75 $375.417 50
B days $735.00 $5,880.00
500 ¥ $7.50 $3,750.00
2 ac $500.00 £1,000.00
Subtotal [ $386,047.50)
3.040 cy $4.80 $14,592.00
13,440 cy $5.75 $77.280.00
10,365 cy $10.00 " $103.850.00
500 cy $7.50 _$3,750.00
Subtotal | $159,272.00]
£0 days $735.00 $44,100.00
1,000 oy $7.50 $7.500.00
2,980,980 cy $30.00 $69.429,640.00
4,471,452 oy %1.50 $6,707,223.00
250 sample . $150.00 $37,500.00
Subtotal ] ﬁs&m.nq
15 ¥r $4,000.00 $60,000.00
15 ¥r $2,000.00 £30,000.00
15 ¥r $5,000.00 $75,000.00
1 $10,000.00 %10,000.00
15 v $2,000.00 £30,000.00
Subtotal C $205,000.00]

[Totl Dlrect Costs $921,902,705.5]
$50,000.00
$4,000.00
$3,047,567.63
$18,285 405.79
$1.215,027 05
$200,000.00
Subtota) [ $22,806,000.47]
ndirect Co ,006,000.47
JTOTAL COSTS ;113.’53.705.72I




‘Tablo -1

Ranking of Final Alternatives
Criieria w“:m) *m' Sell C:\f.;::rz:;:'ﬂ:ﬂnml Mt:w:l Cover f".:;:ﬂ':‘ t and """:':’1":5 4 and
and Wedge Butiress Offsive Disposal Onsie Dirpesal
Welgh Welght Welght Welght Welght
Rank(2) | Foctorsd | Ramk(@ | Factored | Rank() | Foctored | Rawk(@® | Facrorsd | Rank(y | Factored
OVERALL PROTECTIVENESS Rk ) Raok (9 Rank ) Rark &) Rank ()
[uman Heatth 1) 1 10 4 % 4 40 s 0 s 0
[Envizonmenta) protection 10 ] 10 2 20 4 . ® 5 50 3 0
COMPLIANCE WITH ARARS
(Chemical-specific ARAR, ) ! 8 2 1 3 Y s 2 5 a0
Location-specific ARAR s t s 1 10 q 10 5 25 4 20
Astion-speailic ARAR -1 t 5 3 15 4 20 5 5 4 pli]
Olber eritaria’guidance 5 1 3 1 10 1 16 5 23 4 Pl
LONG-TERM EFFECTIVENESS AND PERMANENCE
Magnitude of residual risk ] 1 9 k] 7 4 % 3 45 b 45
| Adequacy and reliability of controls ] | 2 3 24 F] an 5 a0 5 A0
REDUCTION OF TOXICITY, MOBILITY OR YOLUME
Trestinent process used s 1 3 i 5 1 3 5 23 5 15
Amount destroyed or treated s t 3 t [ 1 3 4 0 4 10
f:""‘""’“ oftoxicity, moblity ar 7 1 7 1 14 2 2 5 as 4 28
Statutory preference for restment 10 1 10 1 10 1 10 5 50 5 50
"SHORT TERM EFFECTIVENESS
Cotmmuity profection L) 1 3 4 0 4 20 1 5 2 10
Waorker protection. ‘. 1 4 4 15 4 16 1 4 2 g
|Environmental impacts 5 1 5 1 1] 4 0 1 5 1 L]
i wcticn is complels ] 1 2 4 8 3 & 1 2 2 4
IMPLEMENTABILITY
Ability (o construet and operts 9 5 45 4 36 4 2 t 9 z 1%
fase of additional remediation, it 5 4 2 a 15 4 20 s 2 l s
Ability to monitor effectivencss [ 5 k. 3 18 $ k1] 3 n 4 . 4
ﬂ abtain approval from ather s ) 5 2 to 4 2 3 2 4 2
(Aveabrbity of sepvices and capadities 3 4 12 3 9 4 12 H 15 2 é
Availatalty of equipment, speciafists 3 A 1 s 15 4 1 5 15 2 s
Availability of tzchnology 3 4 12 3 15 4 12 5 t3 2 6
RANKING TOTALS 4 13% 65 358 ™ 447 *% 580 1] 538
COsT
Presead worth cost $0.00 $2,295397.9¢ $,262,729,65 $3H3, 234 05785 £144,708,705. 12
(1) - Each criteris has been rnked on an averall projest importance weight of 110 with ) ignifing the least impartanos and 10 signifing the grestes impartance.
(2) - The complinnce of each criteria hus been mnked on an altemative by attzmative basis on e seale of 1-5 with | signifying the beast compliance snd 3 signifying e grestest compliance.
(%) Ranking weight multiplied by the comphiance partk for each akermat
same

F5 tablen wilh 5 alta.ds
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Appendix A
Stability Evaluation, Richardson Flat Tailings Embankment
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i Applied Geotechnical Engineering Consultonts, Inc.

QOctoher 4, 2001

Urited Park City Mmes Company
PO Box 1450
Park City, UT 84060

Attention:  Kerry Gee '
IFax (435) 64980356

Subject: Stability Evaluation
Richardson Flat Tailings Embankment
Near Park City, Utah
Project No. 1010603

GenUemen:

. Applied Geotechnical Engincering Consultants, Inc. was requested to perform a stability
- cvuluation for the Richardson Flat tailings embankment located near Park City, Utah (sco
Figure 1). The study was performed to estimate the increase in stability of the embankment

once a butiress fill was placed along the toe of the embankment. Our study included a review

of qrotechnical and hydrogeologic studies which were previously performed at the site by

others and a roconnaissanco of the site. No subsurface mvostigation was performed for this

sludy.
. HISTORY

- Wo understand that the Richardson Flat area was first used for a tailings pond during 1963
: “with enfargemants of the tailings pond area through construction of containment dikes and
L embankinénts during the 1970’s.

in 1974, Domes and Moare performed a geotechnical investigation to provide
recommentations for construction of embankments and dikes for the tailings pond and
provided spectfic recommendations for construction of the enlarged embankment. Subsequent
study was performead in 1980 to evaluate the construction which occurred. Rosults of that -
stuty indicate that construction which occurred in 1974 did not fully meect the
racommanditions provided. The Dames and Moora report indicatas that "while the most
objeationable foundation materials appear to have been largely removed, stripping was
inaduquate in places, side slopes were locally oversieepened, internal zoning was not as
reconunended and compaction was poor overall.” Our understanding is that the embankment
Fas remnained generally in the condition as described in 1980 bv Damas and Moore and has

. 'gimwn 0o evidence of stability problems.

T
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United Park City Mines Company
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_SITE CONDITIONS

T he main embankment undar present conditions, extends approximately 400 feet in length in

_a genors) cast/west direction and reachos a maximum height of approximately 26 feet near

“tlie oast end of the embankment. The slope of the exterior of the embankment varies
aonsiderably, particularly on the west end: The steepest embankment slopes are generally
nlonq the cast end where the exterior slope of lho embankment is at a slope of approx-mately
- 1.5 harizontal to 1 vertlcal

The interior of the tailings pond has been filled with tailings 1o near the top of the main
cmbankinond and has a gentle slope down toward the south. The ground surfaco:is also
relatively fl?t north of the main embankment with a very gently slope down toward the
‘northaast, ' -

Vegetation in Lhe interior of the pond consists of grass, brush and weeds. Vegetation near

the toe of the slope is relatively dense consisting predominantly of grass, brush and small
treas,  Vegutation along lhe exterlor slopa of the main embankment consists of grass and
brish.

There is evidence of seepage near the toe of the embankment based on the vegetation type
in Lhig araa.

SUBSURFACE CONDITIONS

The assumed subsurface conditions in the area of the embankment are based on 2 borings

drilled hy Damos and Moore and during their study reported 1974. The embankment materials
encountercd at that time consisted of fill in the upper approximately 22 feot, topsoil which

- was intlicatod 1o extend to a depth on the order of 28 {eet underlain by silty sand and clay

which was inderlain’by bedrack at a depth of approximately 32 fect in Boring B-1. Some of

e {ill as doscribad cdontain wood, debris and other deleterlous materials which wo understand '

‘waro inostly romoved during the reconstruction and enlargement of the embankment in 1974,

“Neattural soil obtained from the area west of tho embankment was used as fill for enlargement

-anrd raising of tha main embankment. We understand that this material consists predominantly
of clayey sand and gravel. Placement of the addmonal matenal Increased the height of the
‘umbankment by approximately 8 feat.

We undc—rsmnd 1hat the subsurlace water level is relaiively shallow at the interior of the main
‘ombankment. - There are seeps near the toe of the oxterior of the main embankment. ’

EMGINEERING ANAI.YS IS

Prohlec of tho INain ambankmcnt were daveloped at 2 locations based on a description of

subsurface conditions available from previous studios. The ldcations of these 2 proliles are

prosented on Figure 2 and the profiles are presented on Figures 3 and 4. The assumed

sitengihs of thesc materials are considered conservative with the assumed strengths indicated
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on Tigures 3 and 4. Rotational failure analyscs were conducted on the profiles aided by a
computer using the Blshop method oi analysis. Print-outs of stability runs are included in the
'Anpandlx :

“The stability of the embankment under its present condition using the assumed strength
parmneters is ostimated to be slightly greater than 1. We anticipate that the stability of the
embankiment is greater than that calculated.

Flacement ol a buttress fill along the lower portion of the embankment will significantl-v
biqcmase the overafl stability of the embankment. Flattening of the exterior of the
gmbankment will also provide increased stability. :

We aslimato that thore would be an approximate 50 percent increase in overall stability of the

embankment if a buttress fill is placed along the lower portion of the embankment with the

hright of tha buttress fill approximately 10 feet above the embankment toe elevation and

exlending horizontally ol from the embankmont slope face approximately 30 feot. The

huttress Till wouid have an exterior slope of 2 horizontal to 1 vertical. A similar increase is

obtained for a bultiess fill which extends 15 feet above the embankment toc olevation,

- exlends approximately 20 feet horizontally out from the face of the embankment slope and

.' has an cxterior slope of 2 horizontal to 1 vertical. Flattening of the embankment to 3

‘harizonlal 10 1 vertical by placement of a wedge of material along the exterior of tha
ambankment would increase 1tho overall stabitity approximately 50 percent.

For each of thasc options, we recommend that the vegetation and upper soil which contains
o signilicant amount of organics, be removed prior to placement of the fill. Drain materlal
should bo place above the prepared subgrade to allow for interception of secpage which may

. be encountered in the ambankment. A filter blanket may be required to prevent particle
migtation intp tho draiy. The drain should be designed to allow for removal of seepage water
gncounterady

Buttress fill materials may consist of most any soil types exclusive of organics, topsoil, debris
and other deletorious materials. The use of fine grain materials such as clays and silts, may
encounter greater difficulty in obtaining adequate compaction of tha fill, particularly during the
cold or wet time of the year. The fill should be compacted to at least 95 pcrcent of the
. maxitnum Jry density as determ:ned by ASTM D-GSB at a moisture content within 2 percent
‘ of optimuim. : '

_ 'l‘hc Luttrass fill should be protected from erosion through vegetation or other methods.
LIMITATIONS

.. This raport has heen prepared in accordance with generally accepted geotechnical engineering
‘practicés i tho aren for the use of the client for design purposes, The conclusions and
. . recommendations included within the report are based on the information obtained from
' studies pesformed by others and. a site reconnaissance. Variations in the subsurfaco
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conditions may not become ovident until additional exploration or excavation is conducted.
IT tha substrfaco conditions of groundwater levels are found to be significantly different from
those described above, -wo should be notilied so thal we can re-evaluate our

recommendalivons,

We op’prer:iite the cpporiunity of providing this service 10 you. If you have any questions, or’
il we can be of furthar service, please call,

Sincerely,

APPLIED GEOTECHNICAL ENGINEERING CONSULTANTS, INC.

b
Douglas R, Ilawkes, P.E., P.G
Reviewed Ly JRM, P.E.

DARNHAle
enclosures S
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-~SLOPE STABILITY ANALYSIS--
SIMPLIFIED JANBU METHOD OF SLICES
’ IRREGULAR FAILURE SURFACES
PROBLEM DESCRIPTION  Richardson A-A’
BOUNDARY COORDIMATES
6 TOP  BOUNDARIES
10 TOTAL BOUNDARIES

BOUNDARY X-LEFT Y-LEFT X-RIGHT Y-RIGHT SOIL TYPE

NO. BELOW BND
1 .00 96.00 50.00 96.00 2
2 50.00 96.00 60.00 98.00 2
3 60.00 98.00 76.00 104.00 2
4 76.00 104.00 92,00 114.00 2
5 92.00 114.00 104.00 122.00 1
& 104.00 122.00 200.00 120.00 1
7 92.00 114.00 200,00 114.00 2
8 -00 92.00 200.00 92.00 3
9 .00 86.00 200.00 86.00 4

10 .00 81.00 200.00 81.00 5

ISOTROPIC SOJL PARAMETERS

5 TYPE(S) OF SOIL

"II' SOIL  TOTAL  SATURATED COWESION FRICTION  PORE  PRESSURE PIEZOMETRIC
: TYPE UNIT WT. UMIT WT. INTERCEPT  ANGLE PRESSURE CONSTANT  SURFACE
N, (DEG) PARAMETER NO.
1 1300 130.0 200.0 37.0 .00 .0 1
2 12000 120.0 150.0 20.0 .00 .0 1
3 1200  120.0 1500 20.0 .00 .0 1
g 120.0  120.0 .0 36.0 .00 .0 1
1

160.(1! 140.0 5600.6 36.0 00 .0

1 PIEZOMETRIC SURFACE(S) WAVE BEEN SPECIFIED

UNITWEIGHT OF WATER = &2.40

PIEZOMETRIC SURFACE NO. 1 SPECIFIED BY & COORDINATE POINTS

POINT X-WATER Y-WATER

NO.
1 .00 ?6.00
2 50.00 96.00
3 60.00 98.00
4 76.00 104.00
5 120.00 115.00
[ 200.00 120.00

. A CRITICAL FAILURE SURFACE SEARCHING METHOD, USING A RANDOM

TECHNTQUE FOR GENERATING CIRCULAR SURFACES, HAS BEEN SPECIFIED.



2500 TRIAL SURFACES HAVE BEEN GENERATED.

50 SURFACES SNITIATE FROM EACH OF 50 POINTS EQUALLY SPACED
ALONG THE GROUND SURFACE BETWEEN X = 00
AND X = 60.00

100.00

EACH SURFACE TERMIMATES BETMEEN X =
X = 200.00

AND

UNLESS FURTHER LIMITATIONS WERE [MPOSED, THE MINIMUM ELEVATION
AT WHICH A SURFACE EXTENDS 1S Y = .00

10.00 FT. LINE SEGMENTS DEFINE EACH TRIAL FAILURE SURFACE.

FOLLOWING ARE DISPLAYED THE TEN MOST CRITICAL OF THE TRIAL
FAILURE SURFACES EXAMINED. THEY ARE ORDERED - MOST CRITICAL
FIRST,

SAFETY FACTORS ARE CALCULATED BY THE MODIFIED BISHOP METHOD.

AGEC
Midvale UT s5/n5206

FAILURE SURFACE # 1 SPECIFIED BY 9 COORDINATE POINTS

SAFETY FACTOR = 1.004
X-CENTER = 72.27
Y-CENTER = 135.27
RADIUS = 42.586
POINT X-SURF Y-SURF ALPHA
NO. {OEG)
1 53.88 96.78 -18.81
2 63.34 $3.55 -5.25
3 73.30 92.62 3.1
4 83.20 94.03 21.58
5 92.50 97.Nn 35.04
-] 100.69 103.45 48,50
T 107.31 110.94 61.95
3 112.02 1977 75.42
9 112.55 121.82



--SLOPE STABILITY ANALYSIS--
SIMPLIFIED JANBU METROD OF SLICES
IRREGULAR FAILURE SURFACES

PROBLEM DESCRIPTION Richardson A-A' - 20' X 15' Buttress

BOUMDARY COORDINATES

& TOP  BOUNDARIES
12 TOTAL BOUNDARIES

BOUNDARY X-LEFT Y-LEFT X-RIGHT Y-RIGHT SOIL TYPE

NO. BELCW BND
1 .00 96.00 36.00 96.00 2
2 36.00 95.00 66.00 111.00 &
3 66,00 111.00 84.00 111.00 &
4 85.00 111.00 92.00 114.00 2
s 92.00 114,00 104.00 122.00 1
6 104.00 122.00 200.00 120.00 1
7 92.00 114.00 200.00 114.00 2
8 36,00 96.00 60.00 96.00 2
9 $0.00 96.00 86.00 111.00 2

10 .00 92.00 200.00 92.00 3

1" .00 85.00 200,00 85.00 4

12 .00 81.00 200.00 8.00 5

1SOTROPIC SOIL PARAMETERS
& TYPE(S) OF SOIL

SOIL  TOTAL  SATURATED  COHESION FRICTION PORE PRESSURE PIEZOMETRIC
TYPE UMIT WT. UNIT WT. [NTERCEPT ANGLE  PRESSURE CONSTANT SURFACE

NO. (DEG) PARAMETER NG.
. 1 130.0 130.0 200.0 37.0 .00 B 1
T 2 120.0 120.0 150.0 20.0 .00 0 1
3 120.0 120.0 150.0 20.0 .00 0 1
4 120.0 120.0 0 36.0 .00 .0 1
5 140.0 140.0 5000.0 36.0 .00 .0 1
e 4\1 é 130.0 130.0 200.0 37.0 .00 .0 1
1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED
UNITWEIGHT OF WATER = 62.40
PIEZOMETRIC SURFACE NO. 1 SPECIFIED BY & CDORDINATE POINTS
POINT X-WATER Y-HATER
HO.
1 .00 96.00
2 50.00 96.00
3 60.00 $8.00
3 7600 104.00
5 120.00 115.00
& 200.00 120.00
A CRITICAL FAILURE SURFACE SEARCHING METHOD, USING A RANDOM
TECHNIQUE FOR GEMERATING CIRCULAR SURFACES, HAS BEEN SPECIFIED.
2500 TRIAL SURFACES HAVE BEEN GEWERATED.
. 50 SURFACES [NITIATE FROM EACH OF 50 POINTS EQUALLY SPACED
ALONG THE GROUND SURFACE BETWEEN X = .00



PR

AND X = 40.00
EACH SURFACE TERMINATES BETWEEN X = 100.00
AND X = 200.00

UNLESS FURTHER LIMITATIONS WERE IMPOSED, THE MINIMUM ELEVATION
AT WHICH A SURFACE EXTENDS IS Y = .00

10.00 FT. LINE SEGMENTS DEFINE EACH TRIAL FAILURE SURFACE.

FOLLOWING ARE DISPLAYED THE TEN MOST CRITICAL OF THE TRIAL
FAILURE SURFACES EXAMINED. THEY ARE ORDERED - MOST CRITICAL
FIRST.

SAFETY FACTORS ARE CALCULATED BY THE MODIFIED BISHOP METHOD,

AGEC
Midvale UT s/n5206

FATLURE SURFACE # 1 SPECIFIED BY 14 COORDINATE POINTS

SAFETY FACTOR = 1.459
X-CENTER = 54.68
Y-CENTER = 172.87
RADIUS = 86.09

POINT X-SURF Y-SURF ALPHA
NO. (DEG}

15.92 96.00 -23.43
25.09 92.02 -16.77
34.67 89.14 -10.11
44.51 87.38 -3.46
54.50 86.78 3.20
64.48 87.34 9.86
74.33 89.05 16.52
83.92 91.89 23.18
93.11 95.83 29.84
101.79 100.81 36.50
109.83 106,75 43.16
117.12 113.59 “9.81
123.57 121.23 56.47
123.81 121.5¢9

S
PN =00~ WD) -



--5LOPE STABILITY ANALYSIS--
SIMPLIFIED JANBU METHOD OF SLICES
JRREGULAR FAILURE SURFACES

PROBLEM DESCRIPTION  Richardson A-A' - 30* X 10" Buttress
BOUNDARY COORDINATES
& TOP BOUNDARIES

12 TOTAL BOUNDARIES

BOUNDARY X-LEFT Y-LEFT X-RIGHT Y-RIGHT SOIL TYPE

HO. BELOW BND
1 .00 96.00 29.00 96.00 2
2 29.00 96.00 59.00 106.00 [
3 59.00 106.00 79.00 106.00 -]
& 79.00 106.00 92.00 114.00 2
5 92.00 114.00 104.00 122.00 1
-] 104.00 122.00 200.00 120.00 1
7 92.00 114.00 200.00 114.00 2
8 29.00 06,00 60.00 26.00 2
9 60.00 96.00 79.00 106.00 2

Y ©L00 92.00 200.00 92.00 3

1 .00 86.00 200.00 86.00 4

12 -00 81.00 200.00 81.00 5°

ISOTROPIC SOIL PARAMETERS

& TYPE(S) OF SOIL

SOIL  TOTAL  SATURATED COHESION FRICTION PORE PRESSURE PIEZOMETRILC
TYPE UNIT WT. UNIT WT. INTERCEPT ANGLE  PRESSURE CONSTANT SURFACE

NO. ' (DEG) PARAMETER NO.
1 130.0 130.0 200.0 37.0 .00 0 1
2 120.0 120.0 150.0 20.0 .00 .0 1
3 120.0 120.0 150.0 20.0 .00 .0 1
4 120.0 120.0 .0 35.0 .00 .0 1
5 140.0 140.0 5000.0 36.0 .00 0 1
[ 130.0 130.0 200.0 37.0 .00 -0 1

1 PIEZOMETRIC SURFACE(S) WAVE BEEN SPECIFIED

UNITWEIGHT OF WATER = &2.40

PIEZOMETRIC SURFACE NO. 1 SPECIFIED BY & COORDINATE POINTS

POINT N-MATER Y-WATER
NO.
1 .00 26.00
2 50.00 96.00
3 60.00 $8.00
4 76.00 104.00
5 120.00 115.00
é 200.00 120.00



A CRITICAL FAILURE SURFACE SEARCHING METHOD, USING A RANDOM
TECHNIQUE FOR GENERATING CIRCULAR SURFACES, HAS BEEN SPECIFIED.

2500 TRIAL SURFACES HAVE BEEM GENERATED.

50 SURFACES INITIATE FRON EACH OF 50 POINTS EQUALLY SPACED

ALONG THE GROUND SURFACE BETWEEN X = 40.00
AND X = 80.00
EACH SURFACE TERMINATES BETWEEN X = 100.00
AND X = 200.00

.

UNLESS FURTHER LIMITATIONS WERE !MPOSED, THE MINIMUM ELEVATION
AT WHICK A SURFACE EXTENDS 1S Y = .00

10.00 FT. LINE SEGMENTS DEFINE EACH TRIAL FAILURE SURFACE.

FOLLOWING ARE DISPLAYED THE TEN MOST CRITICAL OF THE TRIAL
FAILURE SURFACES EXAMINED. THEY ARE ORDERED - MOST CRITICAL
FIRST.

SAFETY FACTORS ARE CALCULATED BY THE MODIFIED BISHOP METHUD.

AGEC
Midvale UT s/n5206

FAILURE SURFACE # 1 SPECIFJED BY & COORDINATE POINTS

SAFETY FACTOR = 1.455
X-CENTER = 87.38
Y-CENTER = 126.11

RADIUS = 24.00

POINT X-SURF ¥-SURF ALPHA
NO. (DEG)

74.29 104.00 -21.04
83.62 102.41 3.m
93.61 102.93 27.06
102,51 107.48 5.1
108.79 115.27 75.16
110.54 121.86

O B B =



-=SLOPE STABILITY ANALYSIS--
SIMPLIFIED JANBU METHOD OF SLICES
IRREGULAR FAILURE SURFACES

PROBLEM DESCRIPTIOR  Richardson A-A* - 3:1 Fill Slope
BOUNDARY COURDINATES
3 TOP  BOUNDARIES

11 TOTAL BOUNDARIES

BOUNDARY X-LEFT Y-LEFT X-RIGHT ¥-RIGHT SOIL TYPE

KO, BELOW BND
1 .00 96.00 26.00 96.00 2
2 26,00 96.00 104.00 122.00 6
3 104.00 122.00 200.00 120.00 1
4 92.00 114.00 104.00 122.00 1
-] 92.00 114.00 200.00 114.00 2
& 26.00 96.00 60.00 96.00 2
7 60.00 96.00 76.00 104.00 2
8 76.00 104.00 92.00 114.00 2
9 .00 92.00 200.00 52.00 3

10 -00 85.00 200,00 86.00 4

1" .00 81.00 200,00 81.00 5

ISOTROPIC SOIL PARAMETERS

& TYPE(S) OF SOIL

SOIL TOTAL  SATURATED COHESION FRICTION PORE PRESSURE PIEZOMETRIC
TYPE UNIT WT. UNIT WT. [INTERCEPT ANGLE  PRESSURE CONSTANT SURFACE

NO. (DEG) FPARAMETER NO.
1 130.0 130.0 200.0 37.0 .00 .0 1
2 120.0 120.0 150.0 20.0 .00 .0 1
3 120.0 120.0 150.0 20.0 .00 .0 1
& 120.0 120.0 .0 36.0 .00 .0 1
5 140.0 140.0 5000.0 6.0 .00 .0 1
6 130.0 130.0 200.0 37.0 .00 0 1

1 PIEZOMETRIC SURFACE(S} HAVE BEEN SPECIFIED

UNITWEIGHT OF WATER = 62.40

PIEZOMETRIC SURFACE NO. 1 SPECIFIED BY 6 CDORDIﬁﬁTE POINTS

POINT X-WATER Y-WATER

NO.
1 .00 96.00
2 50.00 96.00
3 60.00 98.00
4 76.00 104.00
5 120.00 115.00
& 200.00 120.00



A CRITICAL FAILURE SURFACE SEARCHING METHOD, USING A RANDOM
TECHNIGQUE FOR GENERATING CIRCULAR SURFACES, HAS BEEM SPECIFIED.

2500 TRIAL SURFACES HAVE BEEN GEWERATED.

50 SURFACES INITIATE FROM EACH OF 50 POINTS EQUALLY SPACED
ALONG THE GROUND SURFACE BETWEEN X = .00
AND X = 60.00

00.00

EACH SURFACE TERMINATES BETWEEN X = 100,
= 200.00

AND X

UNLESS FURTHER LIMITATIONS WERE IMPOSED, THE MINIMUM ELEVATION
AT WHICH A SURFACE EXTENDS 15 Y = .00

10.00 FT. LINE SEGMENTS DEFINE EACH TRIAL FAILURE SURFACE.

FOLLOWING ARE DISPLAYED THE TEN MOST CRITICAL OF THE TRIAL
FAILURE SURFACES EXAMINED. THEY ARE ORDERED - MOST CRITICAL
FIRST.

SAFETY FACTORS ARE CALCULATED BY THE MODIFIED BISHOP METHOD.

AGEC
Midvale UT s/n5206

FAILURE SURFACE # 1 SPECIFIEDC BY 13 COORDINATE POINTS

SAFETY FACTOR = 1.472

X-CENTER = 49.58

¥-CENTER = 1467.70

RADIUS = 81.41

POINT X-SURF ¥-SURF ALPHA

HO. (DEG)

1 11.02 96.00 -24.75
2- 20,10 91.81 -17.7
3 29.63 B8.77 -10.67
4 39.46 85.92 -3.62
5 49.44 86.29 3.42
& 59.42 86.88 10.46
7 69.25 38.70 17.50
8 78.79 !1.M 24,55
9 87.88 95.85 31.59

10 95.40 101.10 38.63
i 104.22 107.34 45.67
12 111.20 114.50 52.7M
13 116.71 129.74



2500 TRIAL SURFACES HAVE BEEN GENERATED.

50 SURFACES INITIATE FRCW EACH OF 50 POINTS EQUALLY SPACED
ALONG THE GROUND SURFACE BETWEEN X = .00
AND X = 60.00

100.00
200.00

EACH SURFACE TERMINATES BETMEEN X
AND X

UNLESS FURTHER LIMITATIONS WERE IMPOSED, THE MINIMUM ELEVATION
AT WHICH A SURFACE EXTENDS IS Y = .00

10.00 FT. LINE SEGMENTS DEFIME EACH TRIAL FAILURE SURFACE.

FOLLOWING ARE DISPLAYED THE TEN MOST CRITICAL OF THE TRIAL
FAILURE SURFACES EXAMINED. THEY ARE ORDERED - MOST CRITICAL
FIRST,

SAFETY FACTORS ARE CALCULATED BY THE MODIFIED BISHOP METHCO.

AGEC
Midvale UT s/n5206

FAILURE SURFACE # 1 SPECIFIED BY 9 COORDINATE POINTS

SAFETY FACTOR = 1.415
X-CENTER = 79.76
Y-CENTER =  137.36
RADIUS = 48.15

POINT X-SURF ¥-SURF ALPHA
HO. (DEG)

55.10 96.00 -24.85
64.18 91.80 -12.93
73.92 89.56 1.1
a3.92 89.39 10.91
93.74 .28 22.84
102.%96 95,16 34,76
1117 100.85 45,68
118.03 108,14 58.60
120.7% 112.57

W= OB =



--SLOPE STABILITY ANALYSIS--
SIMPLIFTED JANBU METHOD OF SLICES
“‘. {RREGULAR FAILURE SURFACES

PROBLEM DESCRIPTION  Richardson B-B
BOUNDARY COORDINATES
S TOP  BOUNDARIES

9 TOTAL BOUNDARIES

BOUNDARY X-LEFT Y-LEFT X-RIGHT Y-RIGHT SOIL TYPE

NO. BELOW BND
1 .00 96.00 60.00 94.00 2
2 60.00 96.00 110.00 112.00 2
3 110.00 112.00 148,00 114,00 2
4 148.00 114,00  ™169.00 124.00 1
5 169.00 124.00 200.00 124.00 1
6 148,00 114,00 200.00 114.00 2
7 .00 92.00 200.00 92.00 3
8 .00 85.00 200.00 86.00 4
9 .00 81.00 200.00 ~ 81.00 5
ISOTROPIC SOIL PARAMETERS '
5 TYPE(S) OF SOIL
SOIL TOTAL SATURATED COHESION FRICTICN PGRE PRESSURE PIEZOMETRIC
. TYPE UNIT WT. UNIT WT. INTERCEPT  ANGLE PRESSURE CONSTANT  SURFACE
ND. (DEG} PARAMETER NO.
1 130.0 130.0 200.0 37.0 .00 .0 1
2 120.0 120.0 150.0 20.0 .00 .0 1
P 3 120.0 120.0 150.0 20.0 .00 .0 1
4 120.0 120.0 .0 36.0 .00 .0 1
. 5 140.0 140.0 50000 35.0 .00 .0 1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

UNITWEIGHT OF WATER = 62.40

PIEZOMETRIC SURFACE WO. T SPECIFIED BY & COORDINATE POINTS

POINT X-WATER Y-WATER
ND.

1 .00 96.00

2 60.00 96.00

3 92.00 1056.00

4 200.00 124.00

A CRITICAL FAILURE SURFACE SEARCHING METHOD, USTHG A RAWDOM
. TECHNIQUE FOR GENERATING CIRCULAR SURFACES, HAS BEEN SPECIFIED.



